ELECTRICAL ENGINEERING TESTING 

Curve Plotting. 

InttodttGtion.—The pr.-ictioo of recording the results of any 
.caspremexUs Dr tests graphically, aa well as in tabular form, in 
cases where this is possible, cannot he too strongly urged, and is 
a most important, as well as, in many cases, an indispensable 
operation. More especially is this the case with a large number 
of physical measurements, and particnlarly so with a majority of 
tests in Electrical Engineering. The practice of ourve plotting, 
as these graphical representations may etherwiso be termed, 
presents the following important features—■ 

(a) It enables the nature of the variation of one quantity with 
another to be seen at a glance much more clearly than is possible 
by aid of a table of results. 

(b) It enables ^rrors in experimental observations, of which 
there are sure to be some, to be corrected comparatively easily, 
which in a majority of cases would be impossible from the table 
of resultsi 

(o) In the case of the calibration of instruments it enable* 
the law of that under tost to he readily observed. 

(d) It has the enormous advantage of enabling any inter¬ 
mediate value between those actually observed and tabulated, to, 
be at once obtained accurately. This, it will readily be conceded, 
Is the most important and valuable feature of all, and the ease, 
as well as tbe rapidity with which the operation of obtaining 
intermediate valuoe can he accomplished, will be dependent on 
the scales chosen in originally plotting tbe curve in question. 
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It may therefore be profitable to indicate the mode of procedure 
in plotting carve*, and with ft view to exemplifying it, the rtsults 
of a particular test ftro given in Table I., anil the cornwpondinj 
aurve or graphic! representation in Fig. 1 . They relato to ttio 
determination of the Drake Iforso Power (B.H.p.) of an«lectrg- 
motor and the uoirc*]>omliug valuo of it* ehicioiicy at each load. 
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In tilling work generally at least six or eigli different deter- 
raimtkme throughout the range should be made, where possible, 
in order that the curve way bo drawn more accurately. In most 
cbsbs a curvo eonBtracted on three or four points ouly would, lx 
practically useless and could not bo depended on. 

Direct! OH I for Plotting.—( 1 ) Assuming that all the result* 
have 1)0811 worked out numerically and entered up in tnliulai 
form, the first thing to unto is what two sets of quantities hart 
to be plotted together, and secondly, the largest value of eacl 
eet, for beyond this tho scale neod not extend. 

( 2 ) The left-hand vertical and bottom horizontal aides OP ant 
OQ respectively of live squared sheet of curve paper are termed 
the ox«j and are rectangular. They intenoct in a point 0 collet 
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the origin. Distances measured vertically are tL-rmed milmatu , 
and those horizontally, abscitsct. 

* £}) Carefully note which set of readings have to bo plotted on 
the ordinates and which on the Abscifsanj, and then cbooso tlio 
a^les oj the axes OP and OQ each tliat thoy aro as long aft 
possible ami include the inixiizuun values to be flatted. Al*>, if 
possible, arrange such that one of the sinallost divisions represents 
A simple whok number of one digit. For example, if 33 was the 
largest number to bo plotted and tho side of tho squared paper 
coutainnd 10Q divisions, let 1 division represent O'O only, wheuco 
66 will give the 33; l hi* U far more nmvoniaut a scale for 
future reference in obtaining intermediate values tliati 1 division 
representing 0'33 (/. e. 99 to give the 33 approx.). While it is a 
great advantage for tho mi in erica l length of the axes to lie as 
■ huge 8s possible, so as to enabln the curio to be drawn larger 
and more accurately, the length should bo decided by consider¬ 
ations of future reference to it for iutrnncdiiUo values as ju*t 
mentioned. 

(4) The axes must bo numbered every 10th division, ami under 
no circumstances with the Dumber* obtained from experiment. 

(3) Write along each axis tho nature of the quantity plotted on it, 

(6) Each point must be plotted by Jiudiiig llm point of inter¬ 

section of the axes representing tlw two corresponding quantities 
under consideration at the moment and a distinctive mark there 
made, ♦ 

(7) When nil the points aro plotted, a mean c»rw, an shown by 
thefttU lint, Fig. J, must I« drawn through as many points as 
will allow of a uni/om line being drawn. 

Some points are always sure to lie rm cither si do of this mean 
line and denote experimental errors. The object of the curve 
is to correct fur these. 

(8) lu some tests, as for cxamplo in “ char¬ 
acteristic” del cimi nations with direct current 
generators, it often happens that curves cross 
one another and lie close together. In such 
cases they must be drawn thin and a different 
notation for the respective sots of points 
used, such as that represented in Fig. 2, 

AH confusion will thus be avoided. 
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Calibration and Standardization of 
Electrical Measuring Instruments. 

_ • . 

General Eemarka.—This subject is perhaps one of the moat 

important in connection with electrical testing, and we shall 
therefore devote some considerable attention to it- It will at 
onca ha obvious to any one, without any consideration, that a 
measuring instrument which is reading incorrectly, or one that 
has been calibrated so long ago that its present readings may not 
be true, is it uBelosa instrument, or evon worse than this, as one is 
unconsciously liable to take its reading as correct. Tbe import¬ 
ance of correct reading and accurately calibrated measuring 
instruments cannot be ovor estimated, for on their being soliangs 
the whole crux of further teatiDg, the resulis of which would 
otherwisobe worthU&s. This tho author would emphasize 
most strongly, for it is unfortunately his expcrionco, and no doubt 
that of mauy more liko him, that tho average experimentalist is 
only too ready to take tbe scale reading of any instrument os 
correct without in the least troubling himself to whether it 
actually is so or not- This no doubt arises from tho little extra 
trouble required to calibrate such instruments prior to starting 
some particular test, ■ 

Measuring instruments may change their constants atid 
develop errors in their scale readings either from continued use, 
nJme, or in transit from ono place to another, sorno of course 
being much more susceptible to alteration than others. Hence 
in all cases where it is desired to obtain accurate results and do 
good work, the instruments should be re-calibrated and re- 
standardized frequently, and a calibration curve drawn whenever 
possible with the date of the test inserted. At the very least six 
determinations should be made, wherever possible, but preferably 
ten or twelve, os it is not possible to draw a reliable calibration 
curve on le9g than six points. In all cases it is of tho utmost 
importance to see that the connecting wires or cables do not 
magnetically xlfect the instruments, for it must be carefully 
remembered that a wire carrying a current, no matter whether 
it is straight or otherwise, acts as a magnet. 
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Each inductive offeata will be minimized by running or twisting 
the “Jead ’* and 11 return M together, when the two equal and 
opposite magnetic effects neutralize. An ordinary flexible twin- 
leafi is non-magnetic externally, bub it possesses a very small 
ejoctrofi^itio capacity. 

Instruments nro usually calibrated by comparing their readings 
with those of very accurately calibrated standard instruments. 
Simultaneous readings must bo taken on both to avoid errors due 
to variation in between. Ammeters are always connected in 
series and voltmeters are always connected injjavallel with their 
standards. 

In the calibration of voltmeters, fho employment of keys iu 
any of the branched or parallel circuits containing voltmeters to 
be calibrated is usually a source of inconvenience ami should 
bo afbidcJ, for a key which places, Bay, a voltmeter of 1500 
Ohms resistance in parallel with a similar instrument already 
reading, will causo this reading to decrease owing to the Alter¬ 
ation of tho P.D. at tho terminals duo to inserting such a low 
resistance meter, find the consequent reduction in tho tormina] 
combined resistance. 

(i) Calibration of an Ammeter by comparison 
with a Standard D’Arsonval Ammeter, 

Introduction.—When a. standard current measurer, such os a 
Kelvin standard balance or a jx>tcnl\omcter «f, is not available for 
comparing tho ammeter to be tasted with, tho following method 
of calibration may conveniently bo employed. It consists iu using 
a good reflecting D’Arsonval galvanometer in conjunction with 
a low resistance composod of platinoid or other Buitablo material 
having a small temperuturo co-elflciont of resistance, which 
should preferably bo known. The rwistanco of the D’Arsonval 
galvanometer may conveniently bo something like 2000 to 4000 
times that of the low rcsistanco to which it ig shunted. Tho 
instrument, its scale, and tho resistance should bo permanently’ 
fixed and standardized carefully by means of a copper or silver 
voltameter. Then if tho current which produces a full scale 
deflection, with a certain known resistance in series with the 
galvanometer, is accurately known, the enri ent producing any 
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other deflection with the same resistances will be very approxim¬ 
ately in direct proportion and therefore at onco known.» 8ome 
alight corrections might bo necessary for groat accuracy wh« 
subsequently using these particular constants, duo to alterafion 
of resistance through change of temperature and to the deviation 
of the D'Arsonvfcl readings from the direct proportional law, f!or 
which correction see Appendix, p. 400. 

Apparfttui.—Boctoudury battery R capable of giving the 
maximum current required; 
reflecting D’Areonvnl gal¬ 
vanometer G (p.B69); switch 
S key K \ carbon rheostat 
R (p. B97); resistance box ’ 
(r); ammeter A to be cali¬ 
brated; low resistaCbe PP » 
either of tlio form shown 
{p. 605), or dimply a sheet 
of the metal. 

N.B.—It is assumed that the gjdvaiiumutor and low resid-aiioo 
in combination has bron carefully standardized previously and 
how constitutes the standard D'Arsonval ammeter. 

Observations.— (1) (.bnuret up »n in Fig. 3, and adjust the 
pointer of A to zero aud tho sprit of light frein G to the left-hand 
end of tho sculo used an a temporary or false zero in this 
tost. 

(2) Insert the pro]wv resistance in («*) ns given from the 
constanls of standardization for the maxiuiiyn current to be 
nietiKurod and corrected for tho tomprrature of tbe room at the 
time of the test. 

(3) With R largo, close »$ and adjust the current through the 
ammeter to be calibrated to aljout ^th of the maximum scale 
reading by means of A 1 . Then noto .simultaneously its reading A 
and tho doflcctiou d on G when K is pressed. 

(4) Repeat 3 for about tin different readings on A rising by 
about equal increment* to tbo maximum with no docreasings of 
current, 

(6) ftopent 3 ami 4 for a similar dweendititj sot of the same 
readings on G , noting the corresponding ones on A, avoiding all 
increasing* of current, and tabulate your results as follows— 


l ef & J-i 
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(fi) Plot curve* having valuta of true current (a) os *bscUtu* 
and A as ordinates. 

In£«rencei.—Enumcrato any sources of error in ammeters 
generally. What call you infer from your experimental results t 
B Why should tho current he so carefully increased oiihj in 4 above 
and dtfr&wcd 07tlif in 5 a bo vo 1 

(2) Calibration of an Ammeter by comparison 
with a Kelvin Composite Balance used 
as a Centi-arapere Meter. 

Introduction.—The following is a convenient and ready means 
of calibrating any ammeter reading up to 1 nrapero, employing a 
Kelvin composite bn 1;nice used in the manner mentioned, as a 
standard for comparison. A comploto description of tho con¬ 
struction and manipulation of thn instrument will bo found on 
p. 6D4, to which a reference should bo made and the constants 
obtained therefrom. 

Apparatui.—Kelvin composite balance K.B. (p, 564); ammeter 
A to be tested; switch S; 
adjustable resistRnco A* {p. 

600, d K£.)j source of cur¬ 
rent € at a P. D, of from 40 
to*60 volla. 

Obwmtion*—(IJ Con¬ 
nect up as in Fig, 4, ad¬ 
justing both instrument* 
carefully to sera. Make 
quite certain that the con¬ 
nections ore ns indicated. 

(2) Turn the switch in front of the balance to ''volts'* bo ai 
to place the fixed and movable fine wire coils in scries with each 
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other and with the circuit. Now adjust the balance and ita 
sensibility by employing the proper weights a» given in thq labia 
of constant* (p. 566), bo that the maximum current to be measured 
on A would give a reading on K.B. as nearly right across the 
scale as possible. f 

(3) With li an largo as possible close S and obtain about yjjfts 
of the maximum scalo reading on A by varying It. Note tbia 
and simultaneously the corresponding position (d) of the slider 
of K.B. 

(4) Hopeat 3 for about ten different values of current on A 
(by altering li) rtstny by nbout equal increments to the maximum. 

(5) Repeat oba. 4 for a similar set of dvuxnding values of 
current, and tabulate your results as follows— 


Nhua . , , l)Ati * , , 

Croupe* la BatalCfl used ; No. . . . lV)Btilita=>. . . /tnfnhtcr l^Lfi!? , , 


Blllw Itaidliig 


Heading vn A. 

| XEnoiof 

MflWl X 

(A 

K.i. 

| Ahfcmlini;, I 

lionceurlinR, 

A- 

Knur. 
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(6) Plot a calibration curve for the ammeter tested having 
reading* on A as ordinates and " Truo Cnrronta n as absoisssa. 

Inferences-—What souk*.* uf error aro ammoturs in geneml 
liable toT Can anything in particular be inferred from your 
eiporiraontal results t 


{3) Calibration of an Ammeter by'comparison 
with a Kelvin Composite Balance used 
as a Hekto-ampere Meter. 

Introduction.—The Kolvin composite lialance can bo used as 
a standard ammoter for the measurement of direct currents up 
to about 600 nenpores, and lienos any other ammeter can be 
t sadily calibrated by comparison with it. A description of the 
construction of the balance will In found on p. 651, together 
with the method of using it to measure heavy currents. In this 
connection it will bo Been tliat the current to bo measured passes 
through the thick fixed wire coils only, which act on the movable 
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CoiJta of fine wire carrying a small auxiliary current from prefer¬ 
ably *n independent source of E.M.F. Tba accuracy therefore 
of the calibration will depend on the accuracy with which the 
oArent through the moving coils is measured, and this is a 
disadvantage in the use ef the composite balance for current 
measurement. 

Apparatus.—Kelvin composite hnlanco K.J3 .; ammeter A to be 
tested; low reading 
accurately calibrated 
ammeter (a); rheo¬ 
stats R (p. 697) and 
V (p. 6tJ0); switches 
S , and 5,; battery 
C capable of giving 
the current corre¬ 
sponding to tiro high¬ 
est scale reading on A. 

Note,—If a second battery, such os six small cells, is 
available the auxiliary current circuit may preferably ho fod 
from it, for then this current will remain unaffected when the 
main current through A is altered. 

Observations.—(1) Connect up as in Fig. 6 if only one battery 
is used, and adjust Iho pointers of A and a to core, and also that 
of KB. in tho maimer mentioned on p, 56G, Malm quite certain 
that the connections are as indicated in tho die gram. 

(9) Turn the switch on tho balance (in front) to “Hutts" so as 
to put tho fine jviro movable coils only in connection with tho 
small terminals, and therefore in series with the auxiliary circuit, 

(3) Adjust tho balance and its sensibility by employing the 
proper weights as given in the tahlo of constants (p. 667) so that 
the’ maximum current to be measured on A would produce as 
nearly as possible a full Scato reading on K.li. 

(1) With r at its maximum close S t and adjust the current 
through the fine wire movablo coil to its proper value, as given 
with the constant, by varying r. Always mute quite sure that 4 
has this talus before taking each reading on K.B. 

(5) With R largo, close S l and ohtnin about ^th of the 
maximum scale reading on A by varying R. Note simultaneously 
tho reading on A and the position (<f) of the Blider of K.B. 


rr\' 


70._&r- 


\ 1 K.B. 
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Pin. 5. 
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(6) Rftpwt 6 for noma too different toIiim of current on A 
(by altering K) ruiwj by about equal increments to the maximum. 

(7) Repeat obs. 6 for a similar set of dtcrcaiing currents anil 
tabulate aa follows— 

N»x> . . . Dati . . • • 

Gorejyallii Balance : jfo,... Contains mu!... Currut In Hosing CoOm ... An fc 
A m inn Lor tea lot . . . Trio ... No. . . . Hangs . . . 

Mon* 
Error. 


• 

(8) riot M callbration " curves for the ammeter tested having 
rending* ou A as ordinate# and true currents as abscittHQ, 

Inferences.—What sources oF error are ammetors in general 
liable to? Can you xnfor any tiling in particular froifl youi 
experimental results 1 


HLlilK Krndlncrl 

Tm* Amp*. 1 

n«ulirj: 

on A, ' 

X Bintfof 

(J) j 

K4. 

A*if )nlin>;, | 

IlcsraiHliug. 

A. 
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(4) Calibration of an Ammeter by comparison 
with a Kelvin Centi-ampere Balance. 

Introduction.—Any ummotcr reading up to 1 mnpoo can lx 
readily calibrated by compariNun with a Kelvin standard cenli 
ampere balance, A full description of thin instrument, togethei 
with the table of constants will bo found on p. 51G, imd th< 
method of using it is precisely the same as that of the composite 
balance «xod as a centi-ampere motor, except that there is m 
switch at all on the balance in question. Thfi operator shouh 
refer to the Appendix (p. filfi) for detail* in connection with tin 
balance. 

Apparatus.—This, with the exception of the balance, is precise] j 
the samo as is required for tho corresponding calibration by th( 
composite balnnre. 

Observations.- -Those, together with the diagram of connection; 
«ml tho inferences, fire precisely tho same as for the test on p. 7 
and will not therefore bo repeated here. Tho operator muni 
rotor to tbo similar test using the composite balanca, 
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% (5) Calibration of a Direct Current Ammeter. 
* . (Crompton Potentiometer Method.) 

t Introduction, —This method is a very convenient and accurate 
one for calibrating ammeter*, and in it tha measurements are 
referred to and obtained in terms of a nfcimdard Clark cell and 
standard resistance. The principle of tlio method is a direct 
application of Ohm’s Law, and consists in measuring the fall of 
potential down an accurately known ^taiuLvd low resistance 
b connected up in series with tho circuit through which tho ourrrnt 
to bo measured is passing. This fall of potential in m<vinnrod in 
terms of tbo E M.F. of tlio Olurk’s cell through tho mndium of 
the potentiometer, employing the principle a f ihu Chirk-Poggon- 
doriP method for comparing two or imro E.M.R’s. A detailed 
dosoription of tins will he found in a sejiumto work hy the author 
on JVachcoJ Klectricul Teilimj for 1st ami 2nd year students 
and others. Tho Crompton jiotontiometrr is a sperially arranged 
form of eoniiniririg instrument hy menus of which the calibration 
can he easily find quickly carried out, Jicforo prereeding further 
tlio operator should refer to a ill-tailed description of t his piece 
of apparatus which will lx? round in tho Appendix (p, 510) together 
with tho method of using it. Tho present met hoi possesses the 
all-important Advantages that tho ineusumiiciitH uru all in terms 
of the Official Hoard of Trade >tandanl—tlm Clark cell—lliat 
their accuracy is great, and without any very special moans 
this can bo obliqued to at least 1 in lObO, and that the mngo 
is almost illimitable from 0 continuously up to maxi mums 
commonly met with in practice, Tho accuracy of the results 
iiq tho present method is more particularly dependent on tlrnt 
with which tbo standard low vesitjtanco is known. The value 
of this most ho such that the fall of potential down it duo 
to the maximum current to he mcmuirod is not greater than 1*5 
volte, while at tho same time tho carrying capacity must be such 
as to allow it to pa?B this current without sensible heating, which 
wonld thereby alter its resistance. 

Apparatus.—Crompton potentiometer P (p. 510); secondary 
llitlery B capable gf easily giving the maximum current required 
for a full scale* reading on the ammeter A to be calibrated } 
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switch S; one aecondary cell (i) for the “working cell" of the 
potentiometer; acciimtcdy known standard low resistance R 
(p. 005); sensitive D'Arsonval or moving coil galvanometer 
(p. 660) • standard Chirk coil E ; carbon rheostat {rh) (p. 5t)7^. 



Observation!.—(1) First place tho lovers of G and A* {fig, 208) 
on etude 14, and that of If on stud* 1 or 2 for precaution. 
Now connect up as in Tig. G, in which only (lie row of ter¬ 
minals on tlio potentiometer V is shown Kymbolically for brevity. 

(2) Adjust the pal vanointer g approximately, and A carefully, 
to zero, levelling thorn if necessary. Seo that a suitable low 
resistance standard It is omploycd, and one Unit will give a fall of 
potential at its ends not oxccaliug 1'6 volts ( = A x K) for the 
maximum current to to used {unk p. 13). 

(3) “Bet tho potentiometer" by Llio standard cell in tlio way 
described on p. D14, tho contact lever // above reforred to being 
on studs IV, thus inserting E (fig G) in the circuit of y, which 
must be done eo that its K.M.F. opposes that of b. Now close 
S and adjust r h bo as to obtain about T ^th of the full scale 
raiding on A. 

(4) With tho positions of tho resistances Q oml G l (Figs. 207 
and 206) as found in 3, unnlfersd, turn the lover of II to studs III 
so as to throw into circuit with g the fall of potential down R 
which as seen is across terminals III, Now adjust the lever of 
the resistances A 1 (Fig. 207) and the sliding key C eo that do 
defection occurs on g on pressing this latter, 

N.B.—If it is impossible to got a balance o^ing to the deflection 
of g being always to one side, tho P.D. across HI is assisting, 
instead of opposing (u it should be) the fall due to b in the 
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stretched wire; the wire* from JR to III must then be inter¬ 
changed, 

• If the lever at E is on stud 1 (Utomlly 1000) end the elidor C 
it Sl5 on the scale, the P.D. across R ~ *1315 volts and tho true 

clrrent t j4 1 through ^4 if R « 0'1 Ohm is - ^ 1 ^ = 1*315 imps. 

Koto simultaneously the readings on P and A whoa balance is 
obtained. Turn If to IV again aud aoo whother tlio balauco in 
oba. 3 still holds. It it does not, re-set P. 

(5) Take about tea different scale deductions on A rising by 
about equal increments to the maximum by varying (rA) and 
repeat i t noting the new values of P and A, 

(6) Repeat 4 and 5 for a similar descending set of readings on 
A and tabulate your results as follows— 


Kami . . . mm ... 

Otari Cdl: Ko. . . . Totnicratnra C.: K M. 7 . . volt*. 

hiteiill(m(l(ru[ln;; full . , , fit ,. . Stlllil&lJ JiDff RtokUml A p . . .Qtiina, 


AnaitJfW 
TUndhl^ A. 

J Polo it If flutter Hauling. 

Tum P. D. 
wrfltt(A) 

TmoC Direct 

Brmrof 

Jkiiuiwtar 

Ki-*> 


Btvultfi 

Fuattloc of 
tt]ukr(4. 



1 





II- should bo carefully noted whether a " Clark “ edi or 
1 Carbart-Clork” cell is being used before setting the potentio- 
Ector in 3, and tbat the assumed E.M.F. for tills purpose at tbe 
jarticular temperature is correct, the temporaturo coefficient of 
M.F. being vpr% different in these two volls (safe p, 043). 
Standard Weston (cadmium) cells havo an international 
nil 110 of E.M.F. of 1 -0183 volts at 20° C., with a temperature 
^efficient of - 0-0000398 volt per rise of 1° C., between 0° and 
10° O. In 1908, for a range of If C. - 40“ C., Wolff obtained 
he relation giving tho E.M.F. at °i C., namely— 

£,m - 0000040G(* - 20) - (9-5 X 10-»)(< - 20)* 

C 1-0183(1 - 04)000398(1 - 20)} volts appro*, (see labia 643/ 

(7) Plot calibration curves for tbe ammeter tested having valoee 
f A as ordinate* and trne ampe A l as abscissie. 

Inferences.—What can you infer from yonr experimental 
esolta, and can you suggest any source* of error which might 
itiate the molts I 
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(6) Determination of the “Constant” of a 
Galvanometer or Ammeter by Means of 
a Copper Voltameter. 

Introduction, —From the results of a large Dumber oft tests jfc 
has been found tlfafc, using the necessary precautions, the constant 
of an electric enrront instrument can bo obtained with certainty 
to within jVj-% of absolute accuracy by the electrolysis of copper. 
Tho voltameter (P) should consist of throe or more pure copper 
plates dipping into a saturated solution of ooppor sulpliate con- 
tuinod in a suitable glasB or earthenware vessel, there being one, 
more “anoilo” than “<'Ath<Kle f ” anil tho two wits arranged altera- 
atoly with an anode at each end. Tim plan’s should bo as square 
oh possible, and placed from to apart \ if too close, polaris¬ 
ation will take place when strong cuixcnts ftro used, and tho 
current density (reckoned in amps, per sq. cm.) is too groat. 
There should not bo lesa Ilian 30 «q, tins, |x>r amp.; if there is, 
tho plate Kurfivco will bo too small ami tho deposit on the cathodo 
irrogulur, some of it falling to tho hoi torn nf tlie vi*no1. Tho re¬ 
sistance of V will also Lucerne high nnd variable, due to the form¬ 
ation of copper oxide, ami will give trouble in keeping tho current 
constant. Tho solution should be a saturated one («p. gr. 1*211) 
of pure copper sulplmte crystals and distilled water, with 1% 
by vol. of strong nut plume acid added, which is necessary to 
insure success. Tim vol. of solution should be about 1100 co, 
per amp, Tho anodes may bo made of about No. 18 S.W.G., 
and tho cathodes or gain plntcs of No, 30 H.W.O. pure copper, 
aU edges and corners being smooth and rounded. The electro¬ 
chemical-equivalent (Z) of any subKtance, in this ease copper 
No. gnus, ihpwited by l coulomb. t 

Taiu.r IT. 

R 
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Apparatus.—Voltameter (K); rheostat R (p- 097); switch S\ 
ammeter A to bo fltundardized ; secondary battery; drying cup* 
bpard D, not shown; acid bath. 

tfbsemtioiu.—(1) Connect up as indiratod in Fig. 7, and 
adjust ^#to zero. Light the gas jet under the steam boiler of J) t 
after seeing that the latter contains enough water. 

(2) Determine the necessary area of cathode, and lienee the 
number of gain pin!os required for tho current to bo used, 
reckoning both sides in contact with liquid os the effective area 
of cathode. 

(3) Carefully clean tho cathodes all over with Guo emery cloth 
Until quito bright, then dust with a dry rhun cfutfi, and do net 
itmch iht jxirt fu be vnn\tr&td with the jiiujtrg. Clean tlio Rtuxk« 
if they look dirty. 

» (4) Carefully weigh tlu> gain pi,itea on a chemical balance to 

1 m g t , and note their weights (Ijy grume. 

(0) insoi t tho Kamo area of trial plalo to act as cathode, so os 
to jidjuht the current to the valuo rcquiied, then lemovo them, 
making suro that tho + of battery is joined to fioodt\ 

(6) Insert the weighed gain plate*, and at a convenient and 
noted instant of time switch on, qu.ekly adjusting the current to 
it* proper value. 

(7) Keep it flowing for at least thirty minutes, and maintain it 
cunslant all thu time by altering if necos&ixy. (Koto,—1*177 
grams of eopjiCr (cupric) are deposited per amp.-hour approx.) 

(S) Koto tLo exact instant of switching off. Very carefully 
remove the g.iin j^utos so os not to senile It them, rinse in acidu¬ 
lated water tn prevent tho nascent copper oxidizing, then in clean 
water, ami place in 1) to dry. 

(9) When dry Mid cool re weigh tho gain plates and note the 
weights ir s grams. 

(10) Repeat 2-9 for one or two other curreut strengths and 
tubulate as follows— 


. , , Oa« , , . 

CXthode At« - . . . #q. cngi. j«r &mp. TtaJWralun ftf Uulh = . , , • C. Z *. • ■ 
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(7) Calibration of Direct Current Voltmeters. 
(Poggendorff's Method.) 

Introduction.— Tiro following method u ft convenient one fjc 
enabling low-rewling voltmeters up to about 3 or 4 volts to be 
cully and rapidly calibrated by comparison with one or two 
Olark'fi standard cells. Some convenient form of metre bridge, 
either circular or ordinary, is required. The principle of the 
method will be soon to be practically the same as the il Clark- 
Foggondorfl M method of comparing two K.M.F.’s. 

Appwatni. —Metro bridge of some convenient type, either the 
ordinary straight or circular form; secondary battery B giving 
an E.M. L ? . a little in oxc<*h of the maximum voltage to be recorded 
on the voltmeter 7 to bo calibrated; key k ; carbon rheostat 
A (p. 557); sensitive galvanometer G (p. 572); higli resistance {r) 
of about 10,000 ohm* j standard cell {8) of known E.M.F. It 
will be observed tliat the metre bridge, of whatever form >b used, 
is rrpregeetwl symbolically by TQ in Fig. 8, and if the general 
scheme of the connections is understood, there will be no difficulty 
with thorn when using any form of bridge. 



ObttmtioM.—(1) Connect up as in Fig. 8, adjusting 7 care* 
folly to wo and Q to about taro, Sea that like poles of B and 3 
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are connected to tbe kudo end P, when the respective E.M.F.'* 
will oppose one another. 

• (2) Adjust R to * high value and likewise (r), which might 
preferably be about 10,000 ohms, and is merely for the porpoie 
of preve|ting the standard coll S from sending bnt a very minute 
current when its circuit is dosed at the tapping key or rolling 
contact C, which at first might bo far from tbe correct position 
of balance. "When C is moved to sucb a position that the 
deflection on 0 is small, (r) may temporarily be ent out of circuit 
so as to make tbe sensitiveness of tho test a maximum. 

(3) Now dose K and altBr R so as to obtain about y^th of tha 
maximum scale reading on Y. 

(4) hind a position for 0 such tliat on making contact with 
the bridge wire by moans of it, no deflection occurs on 6’, r being 

• nunipslated as in obs. 3. Noto the raiding on tbe vdtmoter Y 
calibrated and tho position of C where PC — r, and QC - r r 

(fi) Bo-inscrt r and repeat obs. 3 and 4 for about ten readings 
On V rising by about equal increments to the maximum. 

(6) Calculate tho truo volts Vt from tha relation— 

y _ x E.M.F.of standard cell 

r i 

and tabulato your results as follows— 


HAIM a a a 

S.1C.F, ofBWjuliniCoH - 

. . . Vo\U At . . 

*0. rb. 

a = .. 

D*n « a , 

oh™}} 0 '™ ,<TOK *® , 1 J- 


*1 + Ti 

m 

ICvSdtng Oil 

Tnm VtlU 

K r 

x Emit Of VoiUxtflUf 
toatod. 







Note,—The E.M.F. of a Clark’s standard cell - 14340 legal 
volt! at 15’ C., and its EM.F, at other temperatures may be found 
from the relation-*. 

K.M.F. - 1 4340 jl - 0 0007 (( - 15*)} legal volts, 
where 0'0OQ7 is tbe temjfcraiun coajjicient of tha cell and 
t - its temperature in degrees Centigrade. For a Csrhart-Clark 
coll tha coefficient is 0 00033. For table of KM.F.’s sea p, 643. 

(7) Hot a calibration curve of tbe voltmeter under tost having 
values of Fas ordinates and l r r as abscissm. 

Inferences,—Does the accuracy of the abovo test depend on 
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anything in particular 1 Bhow bow the relation given in 6 can 
bn obtained and 6into any assumptions made in deducing it. 


(8) Calibration of a Voltmeter by Comparison 
with a Standard D’Arsonval Voltmeter. * 


Introduction.—Tito method may conveniently be employed for 
calibrating a voltmeter when neither a Kolvin standard balance 
nor n n potentiometer sot ” is available for uso as a standard with 
which to compare tho instrument under teat. In tho present case 
a fairly sensitive and good form of D'inonvsl goivnnomehy 
combined with a high resistance placed in scries constitutes the 
standard voltmeter which together with its scale ia permanently 
fixed op. Tho arrangement is very carefully standardized and 
ita constanlt found with tho aid of a Clark’s standard coll and 
Clark’s potentiometer method (p. 16), and thus a reliable standard 
voltmeter ia obtained. 

If tho voltogo which produces a full scale deflection with a 
certain resistance in scries with tho instrument at a given tem¬ 
perature ia known, then that causing any other deflection under 
the same conditions will bo in direct proportion and therefore at 
once known. For cniiKuleruhle accuracy gotdo small corrections 
would nocowiry in using those constants at somo other time 
owing to tho clifFeronco in temperature altering the resistances of 
the galvanometer coil and thoso in sciica with it, and to the 
D'Arson ml not exactly fulfilling tho direct proportional Law, 
for which correction aoo p 4tlU, r 


- A -i® —wwin/w 
^- (V) — d 




The L'Arsonval and its 
resistance can be arranged 
in one of two ways—(a) 
as represented in Fig. 9, 
assuming that a sufficiently 
high adjustable known re- 
sistauco for placing in 
eorics with it is available. 


F J0 . o. If then the “ figure of 

merit’’ of G, i.«. the am- 
por« fa) per scale division, is accurately known, the extra high 
resistance (r) necessary to tx, placed in series with it so that the 
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required maximum voltage applied to AD (Fig. 0) may produce a 
full scale deflection on G, can be found by Oh mV Lnw os follows— 
^ If (rf) = tho maximum scale reading to be obtained by a 
maximum voltage V, then if («/) = the resistance of the galvano- 
V V 

motel wo liavo (r + g) = _ = -- # 

••• r - (5 -») o],w ^ 

(J) If 0 id very sensitive and sufficient rcsiHtauco is not avail- 




able the arrangement in 
Fig. 10 may bo vised, r 
flow tv king the form of 
two resistance boxes r l 


In this caso r A will bo \ & n n 

Email, compared with tho nr\f\ 1 ,1 M I A f _| 

resistance of 6’ atul with * Ub j j 

<•1 + ’•«)> at,d tl,ls «" m Kl0 , ,0. 

large compared with live 

resistance of V t tho volt meter to be calibrated. 

If V and v are tlio voltages .across III) and l' A respectively and 
( g ) Hie resistance of (t\ whoso “figure of merit” is {«), 

JM. : H- 

r,+[f 

and if (</) luis tho samo meaning as before v=aflg, 

ahcnco V - *(tfj (r.+ - 9 5 ^ 

. T,+S, 

assuming **j to be negligibly small compared with g and r s wo 

have -l*" approximately, which is obvious from & considom- 
r 2 Y 

tiou of Ohm a Iaw. 

Referring to Fig. ft it will at once be seen that discording the 
cell S t the standard D’Arftonvnl G with its extra resistance f 
□lay bo employed to actually monsuro the P.D. between P and C, m 
whence knowing the mtio of PQ to VC tho true volts coito- 


ipondiog to any raiding on V (Fig. 8) can at once bo obtained, 
[hue the arrangement just referred to practically bring! us to 
.hat shown in Fig. 10. 

Apparatus,—Secondary battery B of a sufficient number of cells 
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to givo the highest reading on the voltmeter ( V) to be calibrated; & 
fairly high resistance D'Arson val galranhmetor G (p, 569) f spring 
tapping key ft; one or two high resistance boxes r Y and ; 
variable unknown high resistance rheostat R ; this latter, How¬ 
ever, will bo of no 13 so if tho resistance of the rast tf circuit 
is very high, ami in this cnao the voltage due to B will have to 
be varied by altering the number of colls in the battery. 1 

Observations. — (1) Connect up bb shown in Fig. 10, which latter 
arrangement will bo found to be the one most common in practice, 
Adjust tho spot of light of G to the left-hand end of the scalp 
as a temporary or false zero ko ns to obtain a full scale deflection 
tip to tlie other end for tho maximum voltage to l>o measured. 

(2) Insert tho proper resistances in r x and as given from the 
GonstaHti of standardization for the maximum voltage to be 
measured and corrected for tho temporuturu of tho room*at the. 
timo of the tost. 

(3) Close k and adjust A*, or alter the number of cells in R so 
as to obtain about T * f lh of the maximum scale reading on V and 
note simultaneously tho readings on V and G. 

(4) Itopwt 3 for about ton different readings on Vrising by 
about equal increments to tho maximum. 

(5) Hope at 3 and 4 for a similar descending sot of the same 
readings on 0, noting tho corresponding ones on V t and tabulate 
your results as follows— 

MaXB . . » OVTR . , , 

VolfcMUr: i'o.. . ♦ Tjpe . ,, » , , OhlllH 


ip ‘ • H 

TarapcreUirecltooro- *0, Itc*latimn) oto -= . , . GJuni . . . *a 


| Holding tn Votta oh Yaluncler Luti J. | 

l> flttUcitl Oil 
1/Anurval 

h. 

True VolLsp*, i.c. 

, X> rf.iiujod 

(0 Vwltfl. 

STKirnroT 

VolUnrtof 

tested. 

Aaceh'lnia j 

Demanding 

Y. 




i 1 



* liiaLcad of tho variable high Ro&LaUnco iheostat (R) shown in testa 8-11 
which may not be availably the following arrangement far varying the 
VflltagB acfuda the parallel combination of voltmeter Leu ted and etaadard, 

* will be found convenient, namely—connect two variable kinp resistances *• 
R, in Berks enrow tho supply and alulnt one of them [ft,) with the volt- 
meter and standard in turalle!, the lumps of each rheostat being operated 
in ptnilol and being for a voltage = to that of the supply. Then by heaping 
1 lamp in f?, and varying fl y the volts sciois 7?, can bo varied from } that of 
the supply to its fall value, wliilo by keeping 1 lamp in if, and varying A, 
the volts across if, can bo varied from 1 that of the supply to 0; thus 
covering the full range of supply volte on 
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(6) Plot “calibration curves" having values of truo voltage 
(v) as tfrdinatoa and V as absciss*. 

V Inferences—Enumerate any sources of error in voltmeters 
generally. State clearly what you can infer from the cosnlta of 
yqur testa. 

(9) Calibration of a Voltmeter by Comparison 
with a Kelvin Composite Balance used as 
a Voltmeter. 


»Introduction.—The composite balance when used in con¬ 
junction with eopaiuto anti-iuduefcivo resistances may be con¬ 
veniently employed, as a standard direct or alternating current 
voltmeter capable of measuring pressures up to about 600 volt*. 

1 Tho following method Assumes the use of such an instrument, aud 
the read or should refer to p. 654, et seq., for tho construction and 
mode of using Hub form of balance and for the tublo of consluoti 
and sensibilities. 

Apparatus.—Adjustable, fairly high resistance R (p. 603); 


twitch S; voltmeter V to 
be calibrated; Kelvin Com¬ 
posite Balance K.IL, with 
ite non-inductive resistance 
r (p, D53); buttery of second 
ary cells capable of giving 
the maximum voltage to ho 
used, which we thorefore 
assume lo bo direct. 



F 10 . U. 


Obttrtatiena.—(1) Connect up ab id Fig. 11, adjusting both 
infttgumoutft carefully to zoio, und mako quiio certain that the 
connections are as indicated. 


(2) Turn tho switch in front of the bulunro to “ Volts " bo as 
to place the fixed and movable fine wire coils in series with one 


another across tho terminals. Observe that the anti-in ductive* 


rosutanco r is numbered the aim© a.% and thorefore belongs to 
tho balance in use, And make quite sue© of having tho correct 
1 existences in it in use (p. 60G). 

(3) Adjust the balance and its sensibility by employing tho 
proper weights as given in the table of constants (p. 666), so that 
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tbe maximum voltage to bo measured on V would produce as 
nearly ns possible a full scale reading on K.B. • 

(4) With li ns large on it con be, cl nee .S’, and obtain aboqt 
•j'ptli of the maximum scale rending on V by altering R t t^ote 
simultaneously tbe reading on V and position (d) of the slicker 
of K.B. 

(5) Kepont 4 for some ten different values of voltage on V 
(by nlteriDg R or tho Dutulwr of cells in tbe battery) rising by 
about equal incromonts to tbe maximum. 

(0) Ho, cat obs. 5 for a similar set of decreasing voltages, and 
tabulate your results as follows— 


Kami , . . TUn , . . 

Coraj otilo Ektlauro; . . . C!o*i<ttiu»U . . ♦ Ve»lt«notor tcrLfd. . . . Tamp.® .. .*0, 


filidflc reading 1 

* 1 

VnUft 

Jt.d. 

foiiyi tml 

Vu’U Y T . 

Ht on Y» 

X lirorof 
r. 

| AbcrmUiiK | Drarpudinp 




1 I 



W.H.— 1 llto nines Kraro Lta raiding on Uio itand&iil coruictai for tenip«ntlire. 


(7) Plot a calibration curvo for tho voltmeter tested having 
reoilingB on V rw ordinates and true volts V T m absdasfc. 

Inference*.—WJiat sources of wtor aro voltmeters in general 
liable tol Can anything in particular ho inferred from the above 
results? 

(io) Calibration of a Voltmeter by Comparison 
with a Kelvin Centi-ampere balance used 
as a Voltmeter. 

Introduction. —The Kelvin Standard Ccnti-unjpere balance 
when used in eonjunction with extra anti-inductive resistances 
constitutes a most convenient standard voltmeter with which to 
compare nny other voltmeter to be calibrated, up to about 800 
volta 

For larger voltages, up to 2500 volts, special non-inductive 
‘high resistances aro provided for inserting in series with the 
coils of the instrument. The combination then constitutes a 
standard voltmeter by means of which any other voltmeter, either 
for direct or alternating currents, reading up to 2500 volte, can 
be calibrated, by comparison, in the ordinary way. 

A oomploto description of this balance, together with the 
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method of using it, will be found on p. 6i6 d where lh« 
table rf constants is given, 

• In the present teat the apparatus, observations and inference* 
are precisely nmiiar to that of the corresponding calibration by 
nyana oi the composite balance used as a voltmeter, the centU 
ampere balance being substituted for tliis Lifter, They mil 
consequently not be repeated Loro, but may be scon on p. 21. 

(n) Calibration of a Direct Current Voltmeter. 
(Crompton Potentiometer Method.) 

* Introduction.—The method is a vary convenient and accurate 
one for tho purpose, and consist* in calibrating tins voltmeter to 
bo tested in tonus of the E.M.F, of a Clnrk*H standard coll, a 
known fraction only of the voltage applied to the instrument 
being,actually compared with tho standard E.M.F. Tho principle 
jf the method is identical with that of tlio “ Clnrk-Poggcndorfl 11 
method for comparing two or moro E.M,F/s, a full description of 
which will bo found in a separate work, by tho author, on 
Practical Electrical Testing, for 1st and 2nd yeur students and 
fibers. The Crompton Potentiometer is a tq^x-iaHy arranged 
form, of comparing inurnment by means of which the calibration 
;an ho easily a ad quickly rn tried out. A detailed description of 
t will be fanud on p. 010, to which tho reader should in tho first 
natancB refer. There arc tlinco extremely important features in 
sonnoction with the present method, using tho ]Xitentiometer; 
iiutly, tho enormoti* range of applicability, for tho instrument 
:an bo used actually well in tho measurement of current and 
“oeistancQ as well os voltages from 0 to almost any practical 
ucount; secondly, the measurements are in terms of the official 
3oohd o£ Tr&do Standard —tho Clark coll—though any other 
tandord can be used ; thirdly, the accuracy is great and under 
ordinary conditions tho measurements are accurate to at least 
I ff %, and with care, using a very accurately adjusted instrument, 
ccaracy to something like can bo obtained. In this form* 
•f potentiometer tho highest voltage which can bo compared 
ircctly is 15 volts, and honce the fractions employed of all 
lighor pressures to bo measured must fall within this limit. 

Apparatus.—Crompton potentiometer P {Fig. 20 B); secondary 
attery B capable of giving the maximum voltage required for a 
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fall wale reading on the voltmeter V to be calibrated; key or 
•witch Si one secondary ooll (It) for the 11 working call%f t&e 
potentiometer; "voltbox,"is.dividedresistenceaerf for obtaining 
a fraction (less than 1*5 volts) of the total P.D. to be measured 
(p. 521); sonsitivo D*Arsonval or moving ooil galvanometer {?) 
(p. 569); standard Clark coll E ; fairly high resistance rheostat R 
(p, 603). See footnote, p, 20. 



Obumtiona—(1) After plncing the lovers of G and ft on 
studs 14 and that of // on studs 1 or 2 for precaution, connect 
up as in Fig. 12, in which only the row of terminals on the 
potentiometer P is shown, symbolically, for the sake of brevity, 

(2) Adjust the spot of light of tlio galvanometer to somewhere 
about zero on the scale, and the resistance ad and cd in the “ volt 
box” so that ocf— of Oil, supposing, of course, that not more 
than 150 volts is across ad. Carefully level and adjust V to 
zero if it requires it. 

(3) “Sot tho potentiometer” by the standard cell in the way 
describodonp. 51'I, tho contact lever//, Fig. 20A, p. 512, being on 
etude 2Y, thus inserting & in the circuit of g in each o way as 
to oppose tliat of 6, close S, and adjust R so as to obtain the full 
scale deflection on V, 

ffote.—This laat operation will only be poasiblo when R is 
comparable with the parallel resistance of ad and V. If both 
theee are very high tbon altering R will have very little effect on 
the reading of V unless A* is high also io comparison. 

(4) With the poeitiona of the resUtancea G x and Q (Fig. 206, 
p. 512), a* found in 3, unaltered, turn the lever of II to studs 
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is 

III h u to throw into circuit with g tho T J 0 th port o! ths 
roltmoter P.D,, which wno across terminals ///, Now adjust tils 
Ifcq,-of the resistances E, Fig. 208, and the sliding key C, Fig. 
208, so that no deflection occurs on pressing this Utter. 

«N.B.-*If no balance can bo oblainod owing to there being no 
reversal of defloction on g, the fractional F.E>. across /// is 
assisting instead of opposing (os it should be) tho fall of potential 
due to (6) in tho stretched wire. Tlio wires from cd to III must 
then be interchanged. If tho lever nt E is on stud 12 
(Literally 12,000) and the slider C at G25 on the scale, the voltage 
across nrf, i. e. at the terminals of V r. ] 20-25 volt*. Note these 
positions on PP t and simultaneously the reading V on the instru¬ 
ment to bo calibrated. 

(5) Reduce Fby about ^ either by cutting out cells in J?or 
' by altering R or both, nml repeat 4, noting the new values of 

V and PP. Tnrn If to IV for a moment anti see whether the 
lnlancc in oh*. 3 still holds, if not ro-sot as in ob%. 3 above. 

(6) Repeat 4 and 5 for somo ten or twelve different 
readings on V (Utt'tntintj by about eqirnl amounts to tlio lowest, 

(7) Repeat 4 to 6 for a similar ascending sot of observations; 
and tabula to your results as follows— 


KiM , , , Pint , . , 

CUrk OII:Kik... TttiiiWAlurc ■ >. . * C I.M ?. A am mod ■, ,, Vdta 
Volt Rot : PraQtkm of totiil ukmJ ^ . IWnUonmtc; ivUiiig B cm.,. (it.,, 


VolUwler 

I’otontlqnwtrr TUndirg 

Tfti* Vulta Anw. 

Itrmr Of 


Bonding 

r. 

and of A 

Position of 
Wider C. 

Fraction at 

* k, “t a * 

Voltutlor 

K,-F. 

ZK m*. 








As it may sometimes be the case thnt a Crtrimrt-Glnrk and not 
a Clark's standard cell has to be used, caro should be taken tlwt 
tlio E.M.F. assumed at the particular tomperaturo is comet, tho 
temperature coefficient of E.M.F, being very different in the two 
cases (vide pp. 17 and 643). 

(8) Plot a calibration curve for tlio voltmeter tested having 
values of Fas ordinates and true volts F, ns absciss.-*. 

Inferences.—What can you infer from the results of your teat 1 
Are there any sources of error which might vitiate the results ? 
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(12) Calibration of a High Tension Alternating 
Current Voltmeter. 


Introductioa.—In the ordinary high tension By&ten& of dis¬ 
tribution of electrical enorgy by alternating currents, the average 
working pressures aro about 2000 or 2500 volts. Tb% ** electro¬ 
magnetic u and “bob wire" typos of voltnaaters are unsuitable 
for measuring such high pressure*, which can beat bo dealt with 
by means of a third class of instrument known as the electro¬ 
static volttnetor, a description of two forms of which will bo 
found in the Appendix (p. 062). 

These instru monte nro almost universally emplnyod for measur¬ 
ing alternating current pressure, and they have the alUimpartant 
advantage of being urn fleeted by variation of frequency. Owing 
usually to the difficulty experienced in obtaining direct current 
pressures of tbo above magnitude for testing pm-poaos, alternating 
currents have nearly always to be employed for calibrating high 
tension voltmeter*. Thu* it will bo seen that nono of the pre¬ 
ceding methods arc available in tho present case, hut tho 
calibration can be effected by what may bo termed tho " fractional 
potential difference M method, using an accurately calibrated low 
tension electrostatic voltmeter for comparison in the manner to 
bo described later. 

This i<nv tension voltmeter, which may conveniently be one 
of Lord Kelvin’s multi-collulnr electrostatic inn t rum cuts reading 
to, say, 1.50 volts, should bo very carefully calibrated by one of 
the preceding methods—preferably tho jMtoifkMKto 1 , one using 
a Clark’s cell as a standard of E.M.P. and direct current pres¬ 
sures of course. For accurate work, Wcvor, the following 
remarks should ho observed. I 11 tlieso voltmeters the movable 
needle system is usually Aluminium and the fixed system brass, 
whence owing to aluminium being electro |>ositivo to brass, the 
‘instrument will read from 0 2 volt to 0'3 volt too lew when the. 
+* 1 pole of tho direct current source is connected to needle, and 
the sumo amount too high if the —” is joined to tho needle system 
instead. In calibrating this low reading voltmeter by the 
potentiometer, it should be connected up through a reversing key 
to the rest of the apparatus and the mean of the readings, before 
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and after reversing the polarity on its terminal!, taken as the 
corredfone for alternating currents, since when used with such 
the jtbovo-nnmed error does not occur. Again with direct currents 
an electrostatic voltmeter passes no current, but owing to it 
p^j 0 eissiri£ a perfectly definite though very small capacity, it will 
behave like a condenser with alternating curmfta, t. e. a pulsat¬ 
ing or “charge and discharge" current will be set up in its 
circuit. Thus it will be seen that if, a* in tho present method, 
such an instrument is shunted across part of a circuit carrying 
an alternating current, the current in the voltmeter branch may 
he quite comparable with that in tho main circuit, in othor words 
tho P.D. botwooQ tho points to which it is shunted would be 
lowered somewhat by the voltmeter, aud would not boar to 
the whole P.D, the ratio of tho resistance of tho two portions of 
the circuit. To avoid such an error tho resistance of tho main 
circuit should he such that the maximum pressure to be used 
Bunds a sensible current such as from \ to ^ an ampere through 
it, which, will consequently bo very largo compared with the 
current in tho voltmeter branch. Thus tho presence of this latter 
will not affect the value of tho 1\D. between the two points to 
which it is applied, and consequently tho ratio of tho whole P.D, 
to tho fraction thus tapped will equal tho ratio of the whole 
resishuicc to the fraction across which Lbo electrostatic voltmeter 
is placed. 

Apparatus.—Alternator A, aqubloof supplying a low pressure, 
and of being driven at 
any required epecd by 
a direct current, electro¬ 
motor (preferably), or 
other primo mover, its 
exciting circuit E con¬ 
sisting of tho field coils 
of A (shown), togotbev 
* with switch, rheostat, 
ammeter and source of 
excitation (not shown), but which can bo varied so as to vary the 
KJI.F. of A f step-up transformer T cnpablo of increasing the 
pressure from that of A to the maximum required for a full 
scale reading on the high tension voltmeter V to be calibrated; 
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low tension electrostatic voltmeter (r) (p. 5G2), reading to uj 
150 volte, and which has boon previously carefully calibrated by 
reference to a standard, Clark cell on the potentiometer; switch 
t. , A divided non-inductive high resistance (ac5) capable of 
standing the highest pressure to be used on Y t and of carrying 
an appreciable Current, say of the order of ^ to J an ampere 
continuously without excessive heating. 

Caution,—Under no circumstances whatever is any port of the 
high tension circuit to bo touched while “alive," and the india- 
rubber gloves are to bo worn throughout tbo test by the operator 
reading the olectrost&lic voltmeter*, f 

Observation!.—(1) Connect up as in Fig, 13, and carefully 
level and adjust the pointers of V and r to zero. For the high 
tension side use well insulated wires for tbo connections, and 
keep them in mid-air as much as possible. 

(3) If the voltmeter V to bo calibrated reads up to, gay r 2500 
volts, and r to odIj IDO volts, place this latter (iciobs a convenient 
fraction (o<?),say * ff th of the whole non-inductive resistance (ab\ 
which in this cose may conveniently be something like 5000 
Ohms, 

(3} Start the alternator A, close t, and then adjust the speed 
and excitation bo as to obtain the lowest scale reading on V. 
Noto simultaneously that oa (j) also. 

(4) Ucpiul 3 For ton or twelve difForoub voltages on V, rising 
hy about equal increments to the maximum, and tabulate as 
follows— 


Sirr . . . Date , , . 

H.T. Voltioilcr losl«J: No. . . , Ty|* . . Itan£« . , . Ihdr If, ,. 

Wfaalt a*A— . . . Ohm, Frariian uwJ =« . . . Mn*. Rrtto^= .. . 


y. 

on r. 

Tide vulttgi 
** 

•i-iin 

% Kirorof 

umwr 

iou(r-Ki> 

Kntw, 

r. J I'uuTckd Pi 







* (3) Plot a calibration curve for the high tension voltmeter 1 
having values of V os ordinates and true volte V l as absciss*. 

Inference!.—Enumerate what you conhider to bo tbo advan¬ 
tages and disadvantages of electrostatic voltmeters, 





xuntrioal smisBEsixa mr/ra » 

(13} Complete Test of both Direct and Alter- 
' , nating Current Ammeters and Voltmeters 
for the various sources of Errors. 

^ntradnoUoa.—The principle involved in tho action of any type of 
ammeter or voltmeter will come under ouo of tho following heads— 

(1) If eating offset of the current or P.D. to be measured. 

(2) Ektlrottaltc effect of attraction or repulsion between fixed 
nod movable conducting surfaces, close to, but imuihitod from one 
another, when electrified to opposite potentials. 

(3) EUciro-magnetic effect of the current in a coil of wire on 
iron or vice verst. 

(4) KUctTo-dynamic action of tlio current in one part of circuit 
1 on th& 6*ino current in another part of that circuit, causing 

electro-dynamic attraction or repulsion between the two. 

There are briefly eight principal source* of error to which 
animators and voltmeters in general are liable, namely— 

(a) Error in tho calibration owing to the standards employed 
in tho two coses being different. 

(A) Error through a partial demagnetization of the permanent 
field, causing an alteration in the sensibility, in the case of per¬ 
manent steel magnet instruments. 

(c) Error caused by tho sensibility of the instrument being 
temporarily altered by external magnetic influence. 

(rf) Error due to a current producing a different deflection 
depending on the magnitude of the current previously measured 
compared with the one in use at tho time. 

( 0 ) Error duo to the instrument giving a different sctvlo reading 
for different directions of the game current. 

(/) Error in the case of voltmeters due to alteration of the 
resistance of tho instrument caused by change of temperature, 
whether from the room or passage of the current. 

(g) Error in alternating current instrument duo to alteration 
of frequency. 

(A) Error due to friction at the pivots in all classes. 

Error (a) applies to all four classes of instruments, and cannot 
very well be remedied except by rc-calibrntion. 

It is clear that classes 1 and 2, being entirely non-roagnotic, 
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may be dismissed as not being liable to magnetic errors. Class 
3, however, and 4, which latter typo may dr may not contain iron, 
are liable to large errors wising in tlio case of direct currents 
frqm the relontivity of t!io iron used (error d), or magnetic 
hysteresis, and from the proximity of, and the external ,mAgnetic 
effect of currents in neighbouring wires and of mognote (error e). 
In Iho caeo of Alternating currents from hysteresis, eddy currents 
in the metal work about the instrument re-acting on the coil, and 
change of frequency (error <j) in the alternating current. 



(i) (P) 

Tm. 11. 


In this latter class of work llie instruments should contain 
no iron at nil, and very few metal fittings. In good direct current 
inutnuncnta where iron in a necessity, it should be vtry §oft y and 
well lnmioatod, and tlioro should not ho much of it. 

Apparatus,—Ammeter or voltmeter M to bo tested ; auitablo 
variable rheostat R, which in the oaao of the ammeter test must 
be capable or carrying the maximum current required by M y and 
in the caso of the voltmeter tost must have a large resistance so 
as to be quite compilable with tlmt of U] switch, or hoy S ; 
source of oloctnenl supply E, whether direct, or alternating 
current; standard accurately calibrated ammeter or voltmeter Mi 
which must not contain any iron, and preferably no metal fixings, 

N.B.—The standard Afa may be either a Kelvin standard 
balance (p, 046); Siemens electro-dynamometer (p, 577); Cardew, 
or electrostatic voltmeter (p, 062), preferably the latter, which not 
only is noil-magnetic, but also has no temperature error* Bee 
footnote, p. 20, 

Observations.—(1) If an ammeter is being tested, connect up a* 
fa Fig. 14 (I), but if it is a voltmeter, then as in Fig. 14 (II). Care- 
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fully adjust the pointers of if and Jfr to zero if they require It, 
levelling them also when necessary eo that all moving puts enn 
iqove quite freely. Plate if and # 9 at some distance apart ro 
tbat # then> cm be no possibility of one affecting the other. Also 
run the connecting loads close together so that their magnetic 
effect duo to tho current in thorn way not affect the inutraments. 

{2) Eanoa due to External Magnetic Eefbct. (A.) 

With R at its maximum, close R, and obtain about \ full scale 
reading on if. Note tho corresponding reading of if,, which 
must ho kept quite constant and steady when no magnet is near.. 
Now more a powerful permanent magnet in a plant perpendicular 
to the axis about which tho moving system of If oscillates and 
pacing through its centre, tho axis of tho mngiiot punting to if 
1 always, and its polo nearest to if being moved no ns to bo always 
at about 12" say froin 31. Noto tho alteration (if any) of the 
reading of if. 

(3) Jb*pmt 2 for a full acalo duflcctxon on if. 

(4) Ilcjwat tho last part of 2, pertaining to tho motion of the 
magnet, with «o current Jfoioiny, i.o. S open, and tabulate your 
results as shown in tho tuhlo below. 

N.B.—l’ixe magnet must not bo allowed to affect if sin any way, 
and the tatt rr must 1«5 fur enough away to ensure that this is the case. 

IT M U an alternating current instrument, and an alternating 
supply id being used, theyre^udiwymimt bo maintained constant in 
2 and 3 above, as well os the reading of Af 5 in tho particular tost. 

(5) Euium due to lim&mjrir oh Busiddal MAQNrcnbH. (B.) 

With R h. maximum, closo S t and carefully take a gradually 
buxmsivy set of about ton Jiium! Uncoils readings on H and 3ft 
from tho lowest to full scale, by gradually diminishing R, gently 
tapping the instruments to eliminate any pivot friction. 

(ft) ltepcat for a similarly obtained decreasing set, the turns • 
scale reading of tho standard 3ft being obtained when descending 
as was obtained on ascending, Tabulate your results as indicates! 
ir the following uible. 

N.B.—This tost of onurso only applies to diroct current instru¬ 
ments, and tho error in question may amount to over 20%. 
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Btud&rd hstnunmtuwd: Tj'P* ... Hr, .« , JOVcr . . . CttMtk&t* 

Jnitatront Unted ; T>i»... Ho.. . . Mi\*r — 


A. MflflneUiiu, 

». BjlmUrit)- or Holdup Bigullu. 

Petition of 
Ufluuirtiig 
UAKIMt. 

Raiding an 

lfaidlrg po 

BirOr. 

• ' 

Freq*CB<y 

(conittnti 

*t]Un»mie 

current 

SMd. 

n 

jr. 

Mr 

uceiding 

tad 

•ICM.CI.diBg. 

Jf 

ascending. 

‘Jf 

dMUrndfos. 









(7) Ekoob DUB to VAUMIOH Of “ FRtgOESCY" WITU 
AlTKBJUTINO CvBHEST INSTBDUERT9. (0.) 

* 

CIobo S, and adjust R to give some convenient scale deflection 
on if uid ifj, which latter must bo kept constant by means of R, 
Now vary the frequency, by altoritig tbe speed of the alternator 
if this is under control, from tbe smallest to tbe greatest ^possible 
so auto obtain about ten different values, and note tbo.-simul¬ 
taneous reading a on M and Ms at eaclu 

(8) Eaaou dui to E»dy Currents ix mbtal fixings with 

AnwiiNATiKa Guam*™ {X).) 

If either M or Ms poFscsaes a moving coil, the terminals of 
wlrich can bo got at to tend a current through this coil only of 
tbe instruoiont, ta in cither a Kelvin balance, Siemens dynamo* 
motor, or Parr direct reading dynamometer instruments, Pro¬ 
ceed ms follows—Adjust tbo pointer of this instrument carefully 
to tcro, and send the maximum alternating current through this 
moving coil alone, noting whether it deflects. If it does, eddy 
currents arc being set up in the metal fixings and re-act on the 
moving coil causing it to deflect. 

(9) ltepeat 8 for tbo sumo current at different frequencies, and 
tabulate your results m in the following table— 


Standing tnrtrumant UMd: Type ... Ka. ,. Mukrr . ,, Ojrirt&nt« . . . 

Initnuuant lotted: Tyy* . . . Ka ., . VsV«r . . , 


0- B flirt of FruiUancy. 

]). EJ.I, tea.u. 

VrrV“i>C7 
</i i«r mo. 

Head l ur or. 

Frequency 

OTpCTMC 

Heeding oa 

Afj. Jf. 

wmwm 
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(I0]f Eiitoi Dus to ErvEnsiL or Cqarsht TBROUon tun 

ISSTKUHKMT. (K.) 

Connect tip os shown in Pig. 1but instead "of connecting J/ 
diPoctly m series ns shown, join it up now to tho circuit through 
a rovemng switch or key, so that tho current through it may bo 
reversed in direction though tlu<b in the rest of the circuit nnd 
therefore thjimgli Mu is still umdircctioml. 

With li large, do.se JS, nnd obtain say j full amlo deflection 
on tf, noting that on J/* which must lie conntaut; now rovciwe 
CdrrODl in .V uud Again note its value for tho snuio one ns before 
on 1/#, Not rc-rcunso and note it "again. 

I") lh’pojt this ojjumtion for about 0 ftcdo readings on M 
,up tn the maximum at roughly njiml in ter rule. 

N,R—This tent of roitrBc only applies to direct cun put instru¬ 
ments.* Tubulate as follows— 


Waftilwdin'taiiltcntUMd: Tjlv> . . , No , , , tinker . . , CVmUnt » , * 

lutdtioDt lMini! Tj |« . . . No , . lUVfr . , , 


IS. lift'd ijf Cmit ut licuinll. 

F, Urol II« KJfrt-t. | 

of 


Kflfeliiig an | 


A1 di Vun J.r cue n'ut. 

Til iu< nf 
|li:lilitl)g 



* 

(Ooiistaul). 

<r~ 

*■> <— 

Ml. 

M 



i 





^ 12 ) E«i;ou in VuiiTsm'XM (omi.y) dub to Hkatino of Coim 

RV ]• ASS AUK o Y (JllKRBNr. (if.) 

Close 5, nnd adjust R to obtain about J scale muling on IfT, 
note the cairns ponding reading on Ms which must be an clectro- 
static voltmeter. Maintain M$ constant for, fuy, quarter of an 
^ hour anil again read M. 

(13) Repeat 12 for a full scale reading on M, And tabulate as 
before. 

N.13.—Tin) error in Yoltmetord due to change in the tempera¬ 
ture of the room is readily calculable when the latter is obtained 
by o thermometer, 

D 
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(14) Plot tho following cutWR for tcftta— 

R iTaring raiding* on M «a ordinates, and If* ar abscissa 
for Imth ascending mid defending curve*, ,* 

* C. Having reading* on If an ordinates and frequency in v> por 
hoc. ah nbseiawe. • 0 

I). Having rinding* on M a* ordinates and frequency in w> per 
roc. as nWtsKon- 

Inferences - Stato very clearly and roncwly wliat you can 
infer from the rosulta uf your observations. 


(14) Calibration of a Wattmeter by Compari¬ 
son with a Kelvin Composite Balance 
used as a Wattmeter. 

Introduction.— Thu following j* n convenient method of 
calibrating a Wattmeter by means of direct enrifnts, using a 
Kelvin comjswito balance as the slnndurd Wattmeter with 
which to compare tlm one to he tested. Tho construction of 
the balance is detailed on p. ftM, where the inoiln of using it 
os a Wattmeter in also given, and it will merely suffice to pay 
lure that it is used very similarly to the link Urtmipero meter, 
the only (litTn'eura Uing licit as a Wattmeter, tlio line wire 
movable coils (only) arc placed in herics with an extra anti- 
inductive resistance npress tlio mains supplying the [lower 
measured by both Wattmeter*. IL may hero 1 » noted that it 
18 not lU'OCKsiry for tho current through tho thick winding and 
the pressure across tho thin mils to bo rfevclojied hy nno and 
Iho same source. For since the Wattmeter deflection is re to 
tho products of tho cnrroutx dotting through thu two coils, 
clearly thpwj may como from two tula-Uy d liferent sources, In 
fnct it is distinctly pnf«whlo to liavo thorn separate when 
porno hie, for tin'll the variations of tho main curmit will not 
* affect the constancy of the pressure 011 the line coils. 

Tlii* Mine test serves to determine the "constant” (AV say) 
of the Wattmeter, or in other wtmls tho nunt&tr by whidi tlio 
ncali! reading must Ik multiplied so an to obtain the power in 
Waite. 

The following reasoning *i3l no doubt render this clearer. 



ELECTRICAL ENGINEERING TESTING 


* 


Aesuroing the general principlo and construction of, suppose, . 
u 3iomtns Wattmeter to l>e understood. Let 6' and a «= tlio 
currents flowing through tho fixed illicit- and movable thin-wiro 
coils‘mpet*tivuly when a deflection of the torkirm bond and its 
pointer on the scale is // or division*. Then the force acting 
between the coils is sc C x c, but (c) cc to tiio ptcesure V at the 
terminalx. Hence the deflecting Couple acting between tbo coils 
cc C X V oc Watts. Knar when the index is brought back to 
0 again by turning the torsion head, thereby twisting up the 
spring and introducing tlio control, we Im’fl—torsion of spring 
x WutU cc CV\ but tlio force of torsion is « to angle of 
torsion of such a spring, 

\ I) oc CV 

or KD — CV — WiitIn meAHiircd and causing a deflection /), 
•where A' is tho ** rtmvlani^ of tlio WntLmotcr tented. It may 
be found tliat A' i* not perfectly constant throughout the whole 
scale. Iii this ctac tho Watts *houhl bo obtained from a calibration 
curvo rather than by tl* product A71. 



Apparatus.—Kelvin composite bcd.inrc (/■’.A',) (p. 501), with its 
antidmluctive resistance r (p, 553); a witch N; variable power* 
absorbing resistance ii (p. 6<Ki); accurate voltmeter V {preferably 
electrostatic); main current luiitory H ; Wattmeter (IF) to be 
calibrated; [pressure battery 6 and adjustable rcsbtjinco }f l if 
Available (Fig. 10)]; adjusting rheostat I< 2 (p, 6S>7). 

Obtervatioua. —(1) Connect up cithor as in Fig. 15 or ](>, and 
in the present test assume tli» latter for actual eijierimcmt, and 
make quite certain that tho connections are as indicate*] in Fig. 16. 

(2) Carefully level the instruments that require it, adjusting 
their pointers to zero, and if FF bag a suspended Coil ace that this 
is quite free to move. 
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Sole.—Caro should be token to run the "‘leading ia ,J and 
"out” wires carrying the main current to W t and in <he refit 
of the circuit close together or twisted in order that the cur¬ 
rents flowing in them shall exert no magnetic influence on the 
iuHtiutiumU. „ ‘ t 

(3) Turn the switch on the Itfikmco to u TK«f/i n &o na to place 
the movable flue wiro coils across the tnrmll terminal*. Observe 
whether {r) is numbered the Bamo ns, and therefore belong* 
to the balance in use, and make quite certain that the correct 
rosiHtaflcc is being used in (r) (p. 5b3), 



Tin. 10. 


(4) Adjust the balance and it* aimsibilit.y by using the* proper 
weights os given in the table of constants (p. D&b), bo that the 
maximum Watts to bo measured on W would give, as nearly as 
possible, a full scale raiding on K.B. 

(6) With fairly large, close S. and adjust the yollago w 
read off on V to the desired n mount hy altering i( v aud then 
maintain this voltage constant, observing that it is 00 before 
taking every reading. 

(G) H ludug fairly large, close S t and titer R ko as to obtain 
about 10 th of the maximum scale raiding on IK. Note simul¬ 
taneously tho wading on IKnud position (rf) of the slider of KB* 

(7) Kopfnt 6 for &>mc ton different deflections on TK (by 
varying U) rising by about equal increments to the maximum, 
the pressure remaining constant all the time. 

(8) Repeat oka. 7 for a similar set of decreasing readings 
on IK, and tabulate your results as follows— 
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Niva . * , ftra . . . 

OiPT[«wft%B«Tan'Q If*. . . . 0)naljnt»c‘M JT # . . . Tfip prritiirt » , . *0 

Vail taller kMftl Xc, . , , Makar . , . JLingi . * ■ WsLw'* ComIbbI. * ■ 


• 

EJMer 

H(wUb2 

♦ j. 

Tun 
, W«tla 
W B 1 | 

IK, | 

OoF*iint ^ 
K -*"* 1 

* Ji-OUli />| 

X Krrorsf 

WilJjiwtar 

• ! 

Venn 

X Error. 

Ancnrfiiuf 

A ] 

IV trending 

D. ‘ 



i 


1 




(0) Plot a “calibrationcurve for tlie Wattmeter tested having 
Tftiues of D as ordinates and true Walt# ns nWiswo, 

Inference*.—What can bo inferred from the results of your 
tent ) Are Wattmeters subject to any wurces of orrnr, and if so, 
how can they lie minimised or got rid of 1 

j(l5) Calibration of a Wattmeter by Com¬ 
parison with a Standard Ammeter and 
Voltmeter. 

Introduction.—The following method of calihmtion by direct 
current# entails the use of au ncrm-iiWly calibrated standard 
ammeter and stn.ml.nd voltmeter. These may bo either Kokin 
balance* or ordinary inKlrmnouts which have rocontly b»u 
carefully coinp.trcd with nmtrnlu standards, and a record of 
blio calibration curve# of which aro obtainable. 

It should bo remembered llut the constant of a Wattmeter 
obtained with direct Curmita will only bo true for alternating 
currents providing tho sol Mud action of the fine wire moving 
coil or its circuit is practically 201*0 or very nearly so. Tn other 
words, the instrument must contain no iron and also bo vory 
nearly “ non-inductive/ 1 This is a matter of great importance, 
for Wnktmotaru nro in most cases only ixuiuirod to mc&iure power 
in alternating current circuit's 

Apparatus.—Standard ammeter (it) ami voltmeter (K); Walt- 
motor (IT) to bo calibrated with its anti inductive resistance 
(r) if there is one; battery of secondary colls I)\ switch * 
suitable resistance ft for absorbing power (p. fjOO), which must 
be non-inductive if alternating aments nre employed t carbon 
rheostat (RA) (p. DS7), 

Observation*.—(1) Connect up as shown. Carefully level all 
the instruments, adjusting tbeir pointers to zero, and see that 
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tho nwirg coil of tlio Wattmeter in quite free to move. Care 
should bo taken to run the “leading in "and ,f out E wires 
carrying the main current to the Wattmeter, cLso together or 



twisted, Also the main wires of the rest of tho circuit clow 
together in order that tho current (lowing in them sliall exert' 
magnetic influonco on any of tho instrument!!. 

(2) R being at its nrnximum value, close and adjust 71 so 
a* to obtain about ^tb of tho full load corront through W, tho 
pressure being maintained at fetnnilanl voltago by varying the 
carbnn rheostat (A’A), Note thn rootling* of nil the instruments, 

(3) Repeat 2 for about ten different readings on IK rising by 
alxmt oqrrnl increments to tlio maximum current allowable, and 
calculate for each the percontogt* error of tho Wattmeter and the 
mean. Tabulate as follows— 


Nam* . Hat* , * » 

Nop-twlnrtlve Wailiric-W: X« ... Matrt ,., ‘Ti'iiiiwoilure = , , . *{L 


Trun Vu]ti. 

r. 

A. & 

VnlInHlct 
L’uiikl nol. 

Xw K 

A ' If 

Hi for 
t>S 

Vfattuu'lnr 

Mum 

Km or. 


1 f 





(4) Plot a carve having values of (IK) as absciss* und tho 
corresponding Waltiuelcr readings (/>) as ordinates. 


(l6) Calibration of a Wattmeter with Alter¬ 
nating Currents. (Three-Voltmeter Method) 

Introduction. —Wattmeters form a class of measuring instru¬ 
ment tho chief application of which cuuaists in measuring 
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aantraldy the power takon up in alternating current circuit*. 
The grfat value of n Wattmeter in midi measurements practi- 
colly # disappears with direct currents fts the individual faetora of 
power, namely ° volts " ami ''nmpera*/’ ora uamdly hera required, 
siyl in ufldititm the product of the two can easily bo obtained 
and at onco gives tlui “true power.” With nltcni/iting current*, 
however, this lust remark is not time, and heroin lira the great 
value of the properly constructed Wattmeter, in that it measures 
the true power in Buck a circuit. For it to lie capable of doing 
this, however, it must ho carefully constructed, and ihora must 
bg no Iron ami preferably no other metal work nonr the coil* 
Wattmeters when used nil alternating current circuit* mu liable 
to the following smnres of onxir: {«) owing to tho fiiio wire 
cuil powwowing some self induction and consequently impi-deucn, 
•tho current in it itt not able to rise to the sumo maximum 
htrongtli which it would do fur a duvet IM). of similar magni¬ 
tude; (4) this impedance causes a lug in phase of the current in 
the lino wire coil behind the 1\1>, across which it is placed. 

(c) A third smuTO of error common abo to all voltmeter^ and 
occurring both with direct and alternating cnrmilx, is that duo 
to tho alteration of the resistance of the fine wire cuil duo to 
change of tctiqienUme, ami which cun he minimized in tha 
munm*r described Inter on. From the preceding tmurkx it will 
tbeix'foro Ihj ovident that wlion a so-called “ Non inductive Watt- 
meter" is calibrated with direct currents {which is usually the 
Ciisu) il* u ” ho obtained will not bo com ct for idtcr- 

J siting cun outs. Tho instrument will also read difFerantly for 
variation of tho “ frequency ” of tho current oven though tlie 
actual power being measured remains tho tamo. Thin a Watt¬ 
meter. may with aclvuntogo be calibrated with alternating currant* 
on a circuit having the name “constant*,” namely voltage, 
frequency and u wave form/’ etc., as that in which it is 
eventually desired to measure tho powor, Tlio calibration can 
bo performed by wliut is commonly known as the 3-volt meter 1 
method of measuring power in ultomti ng cm rent inductive 
cimiits, end by it the “fr«e power” may 1» obtained with 
almost any degroo of accuracy desired by using an accurately 
calibrated voltmeter and by repeating tho observation two or 
three times, noting the mean. It has the advantage that only 
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One alternating current voltmeter is required, 'though three 
similar' ones may be used if available. . 4 

Appw»tu».—Alternator I) and its exciting circuit (not slpwrf) t 
under rheostatic control or 
other convenient sburce *of 
alternating current supply; 
inductive portion PQ of tho 
eixeuit in Berks with a strictly 
non-inductive portion QRj two 
2-way koys h 2 (p. 5S7); Gir- 
dew or low raiding electrostatic 4 
voltmeter V nrctirately cali- 
biated ; main ewitcli A*; Watt¬ 
meter IK to bo calibrated; 
alternating current nminoterln 1 
indicate the current merely 
for reference only. 

Note.—The resistances of 
TQ and QR should both be 
(airly small compared with tltafc of tho voltmeter V. 

Observation!.—(1) Connect up as 1 J 1 Fig. 1ft, ami adjust the 
pointers of all the ins tin toon is to row, levelling such os noed it. 

See that all lubricators in use feed properly, and then start IK 

(2) Adjust tho speed of D so as to obtain tho desired 
lt frequency/' Bay 100 per sec., at the sauie lime varying tho 
excitation to get the proper voltage, suppose 100 volts across PE. 
Adjust tho resistance of PR bo as to piss about T jth of the full 
load current (necessary to give a full scale reading on IK) through 
W 1 Then the speed and voltage being constant, note tho reading 
on J t )Vj and in quick succession the voltages V 2 and V 
Bcroaa PR, PQ, and Qil respectively by moving l\ and aimul- 
taneoussly. 

(3) Repeat 2 for about tea different currents rising by about 
' equal increments to the maximum ullowable. 

(4) Calculate tbo power absorbed in PR from, the relation 

where r is tbe ohmic resistance of QR. 

If r ia unknown or liable to bo altered by the heating effect I 
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y 

of the current, its value r-. may be substituted in the a bo re 
relation. If the current and voltage are sine functions, 

„ • WiV* 

(5) Repeat 2—4 for a different frequency, say 60 per acc., to 

see "whether the Wattmeter “ constant” (/f) alters, and tabulate 
your results as follows— 


Kim* . . . Uatj . « , 

Watiinckr UiU4: Nn. . . . Unto < . . TUtig* . . ■ Tein[«Hdtiu* , . . 


1 

Bjh*1 

rli.m. 

ft* 

l\jvrri 

Futltir 

W 'U 

‘■Hr Otilu. 


Volt*. | 1'ov. tr. 

Wallmcier, 

KiTW. 

IJUSTVCJ 

] XT sec 


hi Aim]*. 
A. 

J'Jf.Jr^xrjwjrt 

Tn.p 

»1 

Uauliiig 

•L 

Constant 


—•— 

J 


1 








Note ,—Errors made in measuring tho voltages V, and V t 
or in the graduation of tbo Voltmeter scale will h.ivo least effort 
on the results when V l — V. r If tho form ala in 4 is used with 
tho substituted value of (r), this latter mny consird; of glow 
lamp*, oh the resistance vuiy vary with the different toctin current 
strengths. 

(6) not a calibration curvo for tho Wattmeter tested, having 
values of deflection d as ordiimlca and tnio power iV } as 
ftbscisaasu 

Inference.—Provo tho formula given in 4 and atato any 
assumption mode in obtaining it. What inferences cun you 
draw from the results of your tcstl and explain why tlio resist- 
nnco of tho voltmeter V should bo largo compared with either 
rQ or QR. 


(17) Calibration of a High Tension Watt¬ 
meter. {By Ohm’s Law, using an auxiliary 
transformer.) 

Introduction.- -It is not always possible in actual practice and 
testing work to avoid tbo use of a Wattmeter on a high tension 
circuit, aB for irjstar.ce would bo the case in measuring the 
efficiency of n high tension transform or run off tbo terminals 
of a high tension alternator. The Wattmeter in such a case 
shoolib be a specially arranged one for the following reasons— 
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(1) Owing to tho high pressure in the fine wire moving coil 

circuit, on extremely high nonimine.'ics resistance, capable of 
standing the full pressure ucross its terminals, would otherwtfo 
have to be put in series with tho fine wire swing coil if an 
ordinary Wattmeter wits employed. * , 

(2) Owing tu the diflicully in obtaining the above resistance. 

(3) Tho risk ontailed in handling such nn instrument, and of 
the breakdown of tho insulation of the whole arrangement under 
tho high pressure. 

The best arrangement of a high tension Wattmeter, and which 
gets over these difficulties, is that shown symbolically in Fig, 1J1, 
together with the connections for its nil i brat ion. 

The Wattmeter W consists of an ordinary Siemons eloctro- 

dyuamometer; the mer¬ 
cury cups, forming tho* 
terminals of tho. swing 
coil, are connected to 
a separate pair of ter¬ 
minals by tlie side of 
the oilier pair forming 
those of the fixed 
coil. There is thus no 
electrical connection 
between the fixed and 
moving coils. Thesa 
latter are connected 
to the low pressure 
coil of a small auxiliary transformer T. The high tension side 
of T is placed across tho high pressure mains (ni.m.), hence the 
moving coil of JF passes a current which depends on the E ( M.F. 
of m.m., and at the same time there is no fear from a breakdown 
of insulation since both coils of IF are passing ordinary cunents. 
The actual current which T sends through tho swing coil of IF 
■ may be aB small as convenient, 

Apparatus,—High tonsion Wattmeter IF to bo calibrated 
arranged aa mentioned above, with its fixed and movable coils 
separate. Small auxiliary (H.T.) transformer 2'; high and 
low tensien electrostatic voltmeters ¥ and r respectively; 
strictly non-inductive resistance ACB capable of being placed 
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across the (H.T.) meins m.M., end of carrying onough current 
at thaf pressure to enable a considerable scale dofloction to 
be qjitained on W. A part AC of the whole resistance AB 
should have eueh a value (r) and bo of each a carrying capacity 
awnot ti bo lirntod and changed by the current through AGE 
and as will have a P.D, across its terminals capable of being 
read on r. 

Hot*.—As a precaution, india rubber gloves must be worn, 
and an india-rubber mat provided to stand on. 

Observation.—{1} Connect up as in Fig. 19, and adjust the 
instruments carefully to 7oro, 

(2) Close switch (S) and adjust 7 to rend the desired amount 
which 17 has to ileal with on future occasions. Noto the read¬ 
ings of/, r, and 17, and tabulate as follows— 

Nau* . . . Path . * , 

W&UiuMir UmU4: No. Mnker . * . Rah^ , . . Tnni»«r»tiif« . . . 


Non-Iuduetivo RtMutAiura 

Votla-M 

Current 

Tmemsan 
WaIIa m ACR 

mVA 

ftandfag Chi 
W aU-fiietcr 

** 

Can stunt at 
W*ltfiiitw 

R. 

r. 

V 

_ 


A -r’ 








Inferences. —Is Iho method liable to any sources of error 1 and 
if so, state them, 


(18) Calibration of an Electricity Meter 
(on Constant Supply). 

Introduction.—An electricity oioter, which performs the same 
kind of office to a consumer of electrical energy tliat a gag-meter 
does to one using ordinary gas, is an electrical instrument that 
requires carofully calibrating or standardizing at some time or 
another. There are a great number of ■] ilTeront forme of electricity 
meters, but they all come under one or other of four main cl oases, ’ 
namely— Electrolytic, Thermal, Motor, Clocks affected. It 
is not, howevor, our intention to dilate on tliow further as their 
theory and descriptionoomes under tho scopoof the ordinary text¬ 
book, but there ore some points in general which may be remarked. 
Practically all meters measure one or other of two things, namely, 
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across the (H.T.) mains m.ok, end of carrying enough current 
st thaf preBSUro to enable a considerable scale deflection to 
b« qjrtftined on IK. A pert AC of the whole resistance AB 
should have such a value (r) and be of such e carrying capacity 
as* not ti bo healed and changed by the current through ACS 
and as will have a P.D. across its terminals oapable of being 
read on r. 

JTote,—-As a precaution, india rubber gioros must be worn, 
and an india-rubber mat provided to stand on. 

Observation.— (1) Connoct up as in Fig. 19, and adjuet the 
instruments carefully to zero. 

(2) Close switch {S) and adjust V to rend the desired amount 
which IK has to deal with on future occasions. Noto the read¬ 
ings of/, r, and IK, and tabuluto as follows— 


Wawk . . . D*ra , , , 

Wattmeter tented: No. , . . Muter . * . ftaip ». * . * * 


Noii-Iuductivo ftanataiKfti 

VulUsrt 1 Current 

^broufeli ACA 

Tm* iiwbw 

Henrlln^ oil 

CraiutABt frf 


ft 

Wall* id ACB 

iti-va 

Wittmiilu 

■t. 

WAlttiielcr 



1 





Inferences.—Is llio method liable ta any Kourcea of error! and 
if »o, 0 to.t© them. 


{18) Calibration of an Electricity Meter 
{on Constant Supply). 

Introduction,—An electricity meter, which performs the same 
kind of office to a consumer of electrical energy that a gas-meter 
does to one using ordinary gas, is on electrical instrument that 
requires carefully calibrating or standardizing at some time or 
another. There are a great number of different forms of electricity 
meters, but they all come under one or other of four main classes, ' 
namely— Klectholktic, Thermal, Moron, Clocks affected. It 
is not, however, our intention to dilate on these further as their 
theory and description comes under tho scopo of the ordinary text¬ 
book, but there ore some points in general which may be remarked. 
Practically all meters measure one or other of two things, namely. 
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(o) Ampere-boura, whoa they are called quantity or Coulomb- 
meters, (!>) Watt-hours, whan they are termed Energy- or MUmtim, 
In mast cane*, though by no moans all, meters are graduate^ and 
road direefly in tbo official 11 Board of Trade Unit' 1 (1000 Watt' 
hours). It must not, however, be suppose*! that kccAusS a me^i 
node Board of Trade unit* on its dials it is a ti*us energy 
rooter in the real sense of the word, i. e. a meter containing b 
current and pressure coil acting on ono anolhor in a stiitabli 
manner, for if tho pressure is pro-assuraod and taken as being 
oonstnnt it is an easy rentier to graduate and calibrate tbo dials 
of a Coulomb meter to read directly in B.O.T. units. This it mfy 
be remarked is generally doue now. 

Apparatus.—Accurately cal ib luted ammeter A, And voltmeter V 
Bocondnry battery if, or steady simveo of supply; switch powci 

alisorbing resistance A, oi 
bank of limp (p.»f>98): 
rheostat H (p. 597), whirl 
might bo required for ad 
jilting tbo pressure on thi 
main*; meter M to bi 
tested, When potvri bio, iti: 
best and mostoconomical ii 
power used, to employ tw 
distinct circuits, ono giving the necessary vq lingo for tho fim 
wire coil of jV, if there is one, tho othur tho necessary curron 
through the current circuit of Jf, Thcso two sources must b 
secondary batteries if possible so as to bo quite constant 
Ifote.—If the meter to bo tested is an Alternating current one 
than A and V t-bould bo alternating current instruments, such p 
a Siemens electro-dynamometer and electrostatic voltmeter re 
Bpectively, or tho author’s instruments. 11 also should bo non 
indootive, and L may preferably consist of a bank of lamps (p. 698 
or other non-inductive resistance. If an accurately calibrated aqp 
* inductive Wattmeter is available, then tbo truo power given to i 
can at once bo obtained irrespective of tbe nature of A 1 and L a ml 
also without using A. In such cases the meter should be tested at 
different frequencies and on inductive loade. 

Obferretioiu. —(1) Fix up tbo rooter in a position u nearly 
vertical as possible and comicct it in circuit so as to register tho 
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quantity (oiup.-hours) or energy {Watt-hours) as tho c&ao may be, 
given to A 

^ \(2J If the meter ia intended for use on 100 or 200 volt circuits, 
close S and vary L so as to absorb the full load current of the 
n^tcr, and adjust R bo tliat V roads the required voltago. 

(3) Open S ami take the dial readings of tbo meter. 

(4) At a known tabulated instant, switch on, and keep tbo 
current (/l) and pressure (F) constant for about J hour by alter¬ 
ing II and L if necessary. Then switch oil at a noted instant 
and tako the dial raidings again. 

9 (5) Repeat 2, 3, aud i for J, J, £ ami ^ full toad curronts 
through tiro meter, and tubulate us follows— 


H*J»H . . . XUll . . . 

UjtrU) U>^«l: Tjj-- . - Jbto . No.. , . 

• Ani|«, (lull lofrl)* , . . Voltage (if wj}) . ■ ■ Dial iv*4ing in . , * 


Muter lenliiitf 

Alum i»t 

Anijm 

A 

Yuli* 

V. 

Time 

r([Loui«) 

Tiur oijii 1. 
or\S»Ur 
luun, 

2 on or o' 
Motor. 

SUut Q\. | Knil Hj. 

1 








Inferences.—State the chief conditions which a meter of the 
above typo should fulfil. 


(19) Complete Test of an Electricity Meter. 

Introduction.—In order to completely test an electricity meter 
in tho way tliat would be advisable with any new type of instru¬ 
ment, threw or four additional tests other than the preceding one 
should bo carried out and arc as follows:— 

(a) Starling jwica* of the Metay. — Obtained by carefully 
measuring tho least current or Watts that will just cause the 
meter to start. It is obvious that such should not exceed the 
amount used up in the smallest lamp employed. 

(ft) Fiftxi of external Magnetism ,—Which can be investigated 
by Bending & steady current or number of Watts through the 
meter according to what it measures, and then bringing a strong 
magnet into a number of different positions about tho outside of 
the meter. The record of the instrument taken over a sufficient 





<G ELECTRICAL ENGINEERING TESTING ' 

period for oacli position of the oxternal magnet* should remain 
unaltered. « 

(e) Power absorbed m the Shunt-coil.—Some motors possess^ 
line thnutcoil of considerable re«i>.tnnce for the purpose of pro¬ 
viding the instrmaoDt with a sufficient magnetic {jeld tenable it 
to stall with a very smalt current. The amount of power absorbed 
in tliia coil, if there is one, should be carefully measured and tho 
coat of it per annum calculated on the basis of say SrJ. to 4 d. per 
B.T.U. if the supplier pays for it as lie should. It should also be 
observed whether this coil is across the bmp or supply side of tho 
meter in order to see if the consumer or supplier pays for the 
power so wasted, far in the aggregate tho cost of tins may amount 
to a considerable sum in tho course of the year. 

(rf) Gradual deterioration 0 / working parts. ^ Thi a la most 
important, but can only be determined by a '* time fes^Toitcnd-* 
ing over a considerable period amounting to months. 

Thus to furnish a truo and accurate report on an electricity 
meter, investigations (tx— d) should be undertaken, and in addition 
the test immediately preceding them. 


(20) Measurement of a Resistance heated by 
an Electric Current. 

Introduction.— When a resistance is heated by tho passage of 
a current, its value eo heated may or may not bo very different 
from that when it is cold. Thus, for example, a resistance com¬ 
posed of the alloys Mangatiin or Eureka, etc,, would alter its 
resistance very little for considerable changes of temperature; 
whereas if made of carbon,'the specific resistance of which dimin¬ 
ishes rapidly as the temperature rises, the resistance would be 
very different when hot to what it would bs while cold. In 
practice, however, ono of two conditions may occur in connection 
■with hoated resistances, namely, (1) The type and form may be 
eueh that the temperature docs not fall very quickly immediately 
the current is cut off, thus enabling time measurements of ravist- 
ence to he taken with, say, a Wheatstone Bridge or other suitable 
means, and the resistance hot, at the moment of breaking the 
current, to be obtained graphically by plotting the results; owing, 
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however, to the difficulty of taking rapid timo measurements of 
resistance and the introduction of other errors wo shall not con¬ 
sider thia mothod further. (2) Tho typo of resistance may bo 
* such “that the temperature foils very rapidly and far too quickly to 
enable a#y measurements, os in 1 abovo, to bo Ukon. Such is 
the case with the filamcut of an electric incandcwcnt lamp, and in 
order to obtain its resistance (warm), accurately, during the poa- 
$agt of a current, and which is absolutely neves nary, another 
method ban to be employed other than that of tho Wheatstone 
Bridge, etc. 

Though the results of tho present test will disclose the fact, it 
may be mentioned hero that tho filament resistance of an electric 
glow-lamp when burning normally is very different from that 
when cold. Thus this latter, which can boat bo obtained by tho 
♦ Wheatstone Bvidgo, would not in any way represent tho true 
resistance whilo the filament is under working conditions. 

Wo will assume that tho resistance in <]UOstiim is of the 
nature of an electric glow-lamp and therefore cools fax' too 
rapidly to allow of the employment of tho first method mentioned, 
far a concrete case supprao that the resistance of the filament of 
an electric incandescent lamp is required at different luminosities, 

1 . e. when different currents arc pissing through it. This resist¬ 
ance u ill diminish as the current increases, or as the temperature 
increases, owing to the spori lie resistance of carbon diminishing as 
the temperature linen. Tilts property of carbon, in having a 
negative coclliriout of variation of fgfuhUuico with tomperaturo, 
should he remembered as compared to tlie same property of all 
tho metal* and nearly all the alloys, uf which “ //aitgonin ” may 
bo cited o4 an exception in having n negative coefficient. Tho 
present mothod is a direct application of Ohm's Taw, and consists 
in measuring the current through tho lump and the voltage across 
its terminals. There are, however, some precautions which have 
to l>e adopted in order to obtain tho true voltage and current, and 
these wo may now point out in connection with tho two arrange- m 
meats possible witli this method. In each of tho cases T. and IT. 
(IQ represents tho voltmeter, (ii) tho ammeter, and R the glow- 
lamp or other resistance to be raoasured while hot. The rest of 
tho main circuit is omitted for simplicity, but may compriso a 
suitable secondary Imttory and a rheostat foi varying the current 
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through E. In Com I. the voltmeter V is connectod directly to 
tho terminals of E, hones the ammeter A will measure the swm of 



—(5)-—^uuuwu— 

R 

(i) 



the currents through Fund R togp&cr. But the method requires 
tho actual current through R only, which in found M follows— 
Let I?,-tho truo resistance of ilio voltinoter in olims. ■ ( 


Then—-- the true current flowing through it in amperes, 
t\ r 

y 

whence the actual etamtt through R=A-—- amperes and the 

Ilf 


y 

roaifltance of R (hot) «-^ 

A - - - ohms, 
i* r 

To bob the magnitude of the error raurail by neglecting the 
correction fur the voltmeter current, suppose V— 100 volts, R y — 
10,000 ohms find A rauia 0*61 ampere. Then without correction: 

R (hot) — ~ = 103 93 ohms, and with correction R (hot) 


V 100 100 . 

“'7~v m Ml - F«T 16666 olim 

iiy ; 

lu other words tho error made in the resistance, neglecting the 
correction, = 1*64%* It should, however, hi remembered that 
the Average commercial voltmeter has a resistance much leas than 
10,000 ohma, and houco the above error would be much greater 
when using such. If U r — Infinity then no correction is nocee* 

v v y 

8ary; for, tho resistance of R (hot) then ~- «—- 

*-U T *~W 


ohms or ths voltmeter passes no cumni. 
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Bucli is the nose with any electrostatic Instrument each as the 
Kelvin .multicellular voltmeter, the resistance of which is prac¬ 
tically infinite. It is therefore a good one to use fot'the purpose. 

Yn Vote 11. the voltmeter is conneclod across the ammeter and 
res: stance combined, and it will thereforo measure the nan of tbs 
voyages across R and A. But the actual voltage across R only, 
is required by the method, and this is obtained as follows— 

Let R a = the true resistances of the ammeter in ohms. 

Then AII A =■ the true voltage across tho ammeter terminals, 
whence, the actual voltcijt across R — V - A /, j volts sad the 

resistance of J? (hot) — — ohms. 

A 


To see tho error caused by neglecting the voltage lost in tho 
ammeter. Let V read 100 volts and A lead fl'G ampere, assume 
Jl A “ O'] ohm, which is abont the valuo for an instrument reading 
such small currents. Then we have 

L ™ 

°A “ 0'6 

i -.i. »/, a V-AII a 100-0-06 9994 

and with correction 7i (hot) - -- 


without correction 11 (hot) ■ 


166-66 ohms. 


= 166-57" 

Or the ei-ror made in not allowing for tho loss of voltage in A 
is 0-054%, Thus, although the resistance of V can oasily be 
measured on a Wheatstone Bridge and tliat of A cither by the 
bridgo or by the “fall of Potential” method (elds p. 84), 
when these cannot bo readily obtained, wo seo that Case II. will 
givo tho boat results mid the freest of tbo two from error by 
neglecting any corrections. 

Apparatus.—Accurate ammeter A and voltmeter V; the 
resistance R or glow-lamp to bo measured while hot. The rest 
of tho main circuit, if tliis is nut already set up, comprising 
secondary battery, rheostatr, switch s, etc. Arrangements should 
he at hand for measuring tire resistanco of V and A, viz.—P. 0. 
Bridge, galvanometer, Leclanche coll and standard known 0-1 
ohm resistance, etc. 

Observation.—(1) Connect up as in Case II. Fig. 21, and 
adjust tho pointers of Fond A to zero. 

(2) Measure the resistance of the ammeter, voltmeter, and 
lamp (cold) by suitable means, 


I 
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(3) Take a series of simultnuoona randi&ga on A and V for 
different voltages, rising by internal* of 10% from 0 tor within 
about 3% of the normal, and then by steps of 1% to 6% &b(>Ve 
normal voltage 

(4) Itopcat (3) above, umn* a rnoUl filament lamp 4natoac[ ( of 
the cartxm one, and tabulate thus — 

Kami! . . . IHtk . . . 

KitHK ol Uowstjiicfi tcUM ... ItaiMnnt'l'Cold a »«. (Him*, 

Atiiimlfr ,, Jt| i , ,, „ 
Voltmeter „ H t - ■ . .. „ 


llojiillnp' cm 
VoltHwiUr. 

Trui Volts {V) 
Kit*! Lamji. 

Current Uiroi^b 
(A) Ainfis. 

HmimUitk-® Owt) 

- —j — Ota* 

X rnrrmne or 
<l»lt?Meiif rmriitJ 
trlien Iwt, t 







(5) Plut cuvv™ fur rimh lamp Imving values of lamp resistance 
os ordinates and corresponding currents through it and voltage^ 
ftcrasB it. both os abscissae 


(21) Measurement of the Efficiency and 
Candle Power of Electric Glow Lamps. 

Introduction.—'At the present day, when new forms of electric 
Incandescent lamps are frequently making their appearance before 
tbo general public, or other wise, it becomes of scientific interest 
and often of practical importance to thoroughly test the advan¬ 
tages claimed for those particular forms, and to discover their 
disadvantages, Amongst others, the chief investigations -should 

be— 

(a) The efficiency at anti about the 7iorma.l or rated voltage, 
stamped on the lamp by the makers. This is reckoned in '* Watts 
per candle ° for commercial purposes, though it should mow 
correctly be termed its “in effieicJioy.” The number of u candles 
pec Watt ” more properly denotes the efficiency of a glow lamp 
a n a light-emitting source, 

(0) The candle power (U.?.)at tho rated voltage and in a given 
direction. 

(y) At what efficiency, the total cost of operating this 
particular form of lamp, is a minimum. 

These three investigalions are of considerable moment to the 
user of such lamps, and the results practically decide whether his 
annual expense of electric lighting, using such a form of lamp, 
would be greater or le*3 than with the present lamps in use. It 
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may probably be the cose that it is impossible to do anything 
with the investigation marked (y), owing to there being iusuffi- 
oityt data to hand, the data required being (1) the cost of energy 
* supplied, (2) the cost of lamp, (3) rate of variation of the life 
wi^h Watts per candle, which is the most difficult item of the 



Fid. 22. 


throe to obtain. For purposes of discussion, however, as this 
particular question is of considerable interest, wo will assume 
that very carefully-made tests giro the relation between the lifo 
in Louie of the lamp and the efficiency, or Watts ppr candle 
need, as shown in curve /, Fig. 22. Thou on plotting curses B 
of the same fig., the cost of lamp renewals per hour will give ns 
tho curve NPB, and the cost of energy per candle-hour will give 
ub the straight lino OPQ. Summing the ordinates of tho two 
curves, wo get tbo third curve NTS convex to the abscissic and 
representing the total cost of the only twn sources of expenditure, 
namely, coat of lamps and cost of energy, If now un ordinate 
through the lowest point T of this third curve cuts the abscissa) 
in the point Zl, then Of) {in this case 3 8) gives the efficiency, or 
Watts per candle, at which tho total cost of operating this form 
of lamp is a minimum for the particular cleHviml supply taken. 

Tho two first-named investigations (a and 0} are contained 
in the following relations, which must be determined, vut.— 
the variation of C.P- with (1) amperes, (2) volts, (3) Watts, 
(4) efficiency (Watte per candle), (3) resistance of filament, and 
• (6) the coat per candle-hour for energy with efficiency. 
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The candle power may be obtained by • employing some 
Convenient form of photometer, such as any ono of those 
described on p. 689. We shill, bowover, hero assume the use of”! 
Bunion 'grease- spot photometer, the carriage of which slides along 
an ordinary straight graduated bank or boiuh containing the 
standard of h'giit at one end and the glow lamp to bo tested at 
the other. If now C - the C.P. of the standard of light, and (tl) 
its distance from the grease spot when “balance," in the manner 
to be described later, is obtained, also if D = distance between 
standard and lamp to bo tested, then tho C.P. of this lamp is 

«* 

Now to facilitate working ont the results of the tests, a cali¬ 
bration curve for tho photometer bench may be drawn from 
calculations in which values of (cf) ore abscisa-e, and tho oorre' 

sponding ones for^—-^— ns ordinates. Bms tho ordinates of 


this curve X by tbo C.P. of tho standard will give directly the 
C.P. of tbo lamp to bo tosted corresponding to the particular 

!D-d\ 
d 


distance (rf). Tbo values 


- (¥)’ 


for nirioua values of d 


when 2>“2, 3, 4, i) uml G metre*?, ore given in tho Tabic, p, 031, 
and they will be found to save a great deal of time in working out 
the results of photometric tests in general. Intermediate values 
not given in tho table can best bo obtained from tbo curve plotted 
between the numbers pertaining to the valuo of D used in the 


test and the values of 



Referring to tho above formula for calculating the unknown 
C.P., we boo that any error mode in reading the true position of the 
carriage carrying the 4 ' grenao spot M or other balancing device will 
have minimum effect when K ™ C or d = (0 - d), i t. when this 
carriage is at tkcMidtawy position between the two sources of light. 
The same kind of tiling occurs in tho case of measurements of 
resistance by the ‘‘Metre Bridge." To fulfil, bowover, the 
relation just mentioned, it will in most case? be necessary to 
employ a subsidiary or intermediate standard of light, such ns a 
good electric glow lamp, which bos itself boon very carefully 
standardized by reference to aa ordinary smaller standard. 
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Considerable difficulty may somctim&s be experienced in 
bolancibg on the photoraoter with tho naked eye when different 
, sources of light are being compared owing to the difference in 
colour of the light*. In such casus it in of advantage to observe 
ti* M aifjbt-box u containing tho Bunsen grease spot or other 
arrangement through coloured glass when tittkuidng; that 
known commercially as “ signal ml ” and ° green " being the host 
for tho purpose, and two pieces should bo chosen, so that on 
looking through tho two together in blight daylight next to no 
light passoa through them. Tims on balancing the sight-box by 
observing through ouch sopcimtely, tho mra.ii of tho readings will 
afford a correction to a certain extent for any difference in colour 
of tho two sources of light 

The principal object gained in using coloured glrmsca is that 
•the eye then obrarxes a less bright surface, and is cousotjuenlly 
Lot tor able to gaugo its illumination relatively to tho surrounding 
surface. It is a foot that when tho eye looks at a very bright 
surface, tho pupil of the eye partially contracts, thus causing tho 
effect of temporary partial blindness, boticc the uso of coloured 
glass to prevent this, 

It should he carefully remembered that if the resistance of 
tho voltmeter, which incusliras the pressure, is not very high 
complied with tliat of tho lamp {xay cxcuodjng 100 times), 
and the ammeter resistance not very low coinpturod with that of' 
the lump (seldom the case), then, corrections must be applied to 
one or other of these instrument readings, in order to obtain 
cither the tine voltage on tho lump or true amps, through it. 
For sue]} see test on p. 48. 

Apparatus.—-Low reading a mm eter A with long open scale (p, 
550) J*high resistance voltmeter V\ adjuxtahle fairly high resist* 
once R (Fig. 272); secondary buttery and photometer bench DD 
complete, containing "Muthvon screen” 2 C.P. standard (C 1 ) 
of light (p. 500), or Fleming standnrd glow Uuip ; glow lump G 
to bo tested; and “ sight-box M B containing a Bunsen greaso 
spot (p. 502), or nicker photometer head; switch S, 

N.B.—For particulars on the adjustment and use of tho 
Methvon standard, sco Appendix, p. 595. Tho lamp G to bo 
tested inay bo run as low as will give measurable luminosity, but 
not higher Ilian 5% above its normal voltage 
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Observations.—(1) Fix, in a manner roost coitvanient for calcu¬ 
lation, the dietanee D between standard and lamp to bo* tested 
(500 cms. say}, and adjust the standard to the certified standard 
value of C.P. 

If a standard slow Uiup is imod instead of <7 comiocl it to' a 
constant voltage supply through an exactly similar circuit to 
tliat shown for 0, but without an aiumctor (A). 

(2) Connect up tlio glow lamp us indicated in Fig. 23, and 
adjubt tlie pointors of V and A to aero, levelling tire instruments 
carefully if necessary, 

(3) Hensuro tho resistance of the lamp filament while cold by 
mams of the Wbeatstono Bridge and note its value. 



(4) Close 5 and adjust R, so as to obtain just mensureable 
luminosity on 0, then movo the carriage carrying the “grease 
spot” until the whole surface of tho latter appears equally 
illuminated. Great ears being taken (o A«y> (As Uandard <tf light 
prtqxrly ailjusted all through tho tests at its oertiiied value. 

N.B.—The tree scale position will bo found more accurately by 
taking the mean of the two positions of tho oarriage when the 
' spot is jus l pmxpliUy darker and lighter respectively than the 
surrounding paper, oc with a Flicker head when the Flicker 
disappears. 

Noto in each case the distance (<J) from standard to grease spot 
when tlie plane </ the lamp JUamat is (a) parallel, (4) perpen¬ 
dicular to tho axis of tho bench, coloured glass being used in each 
ease if necessary. > 
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(5) Ittpuat 4 in 10% intervals of voltago across thn lamp 
tennindls up to within about 3% of the normal vultago for the 
lltnp tasted, and afterwards in 1% intervals to tba maximum 
allowable. 

J6) Calculate the C.F. (A') of the lamp at each voltage from the 
relation a 


A' 




where ffafU 1 , nf tbo standard aii'l (./) e.e'iu nf all tbo bench 
readings of the grease spot as found in 4 above. Tabulate all 
y^ur results as follows— 

Navi . ,, Cars . . , 

Lamp UaImI i W™i.u , CIjmi ,,. Hum ml Yulti ... N«*nwl C.r. ,. H. n tlaac? Cold . .. 
EJLmihIbIiI uf Light. TjH ... C-I\ = . ■, It- ., . 


Onnent 

VO 

r.i) 

in 

PmUIT 

iSL. 

Ifvwst. 

ITJC0 

(tot) 

riajie of pilftiiLent #l"l ft\i* 
of lU-iii'li. 

Tntnt 


1£H|«- 

rnry 

Coat 

l«rr 

] *m (did, |l r pi pandn'ti [qr 


c r. 
K 

WdilU 

hnBf 

Amps. 

VnlU 

A 

(OipflJh) 

S|mt jiiffc pciw-pt-lily 

lHHl 

M 

]*r 

OiniJr 

Cor 

pofW 

f* 




.ink | t«ia 

duk 

I'Klit 






1 



_ 





(7) Plot tho following curves, to the same pair of axes and 
same scale for C.l\ (A') on the ordinate*, between A" and (1) 
amperes, (2) volts, (s'!) Watts, (4) resistance, (5) distance (tf), (6) 
efficiency, (7) fchu cost /*. 

(8) Calculate the ratio of the resistance “hot M U> that u cold M 
for the lump filament. 

Note—Jn calculating the cost Put tho various C.P.s, assume 
that electrical energy costs ij<Y, per fcmd of Trade unit (1000 
Watt-hours). 

Inferences.—State at «omo length all the inferences 'which con 
be drawn from tbo above experimental results und cun'os. 

(22) Variation of Candle Power with direction 
around an Electric Incandescent Lamp. 

Introduction.—With the introduction of now deaignsof elec trio 
glow lamps at the present day it is of considerable Interest and 
often of importance to see tho way jn which the magnitude of the 
C.P. along a died or given direction changes as the lamp is turned 
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through various angles in both horizontal and vortical azimuth*. 
The glow lamp to be tested should bo capable of being tuhied in 
any direction about a point which is the centre of the principal 
part of the filament, and, further, this point must bj in a line with 
the standard of light and contro of the Hansen greodb spetor 
othor “ sightbdx.” 

If the lamp thus adjnstod is supplied at constant voltago and 
the O.P. measured at different anglos in tho horizontal plane ns 
tho lamp is turned completely through tho circle, fclion tho main 
of all those C.P.s gives whut is termed tho "mean horizontal 
C.F." If in addition the O.P. is now measured all rounds 
vertical circle, tho plane of which successively makes different 
angles with tho axis of the photometer bench around a horizontal 
plane, then tho mean of all tho results will givo what ie termed 
tho “ mean ej/hcrieal C.P.,“ and it will be found that tho ratio * 
mean spherical CLP. 
mean horizontal O.P* ~ p 

a constant which may be determined in tlio manner to be described 
presently. 

The variation of C.P. Qrcund the limp, ns found iu the present 
test, can beet be seen by plotting 11 polar curves " for the diderent_ 
planes in which the filament is turnod, using " polar coordinates.” 
We will now consider briefly tho approximate general form and 
method of plotting such curves. 



; a. 

Fur. 24. 


Pig. 24 I. and II. represent polar curve* showing the distribu¬ 
tion id luminosity in a horizontal and vertical plane respectively. 
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To obtain I. tako any point or polo (P), and with it as centra 
deeoribo a circle, the radius of which represents to a suitable scale 
ellhei; the normal tatod C.P. of tho lump, stamped on it by the 
makers, or else, the mean horizontal C.P. as determined from the 
esf»riraeAtal results. Divide the circle (shown dotted) into 12 
equal divisions of 30 9 each all round from 0‘ to 3tJ0, and draw a 
radial lino from P through each, then setting off tho C.P.b 
measured at tho respective angles on these radial lines, tho con¬ 
tinuous curve is obtajuod on nuitahly joining them. In Pig. 24 
I* the starting-point 0* would be that position or the lamp when 
the piano of the filament is parallel to the axis of the photometer 
bench. In 11. the datum circle is drawn in tho same way as 
before (and is shown dotted), and on setting off tho C.P. measured 
at the respective angles as tho lamp is now turned in a vertical 
fifane, the continuous curve, somewhat of tho shape shown, will 
be obtained. This polar carve H. will only represent the dis¬ 
tribution of ar. in that particular vertical pfcuio which makes 
some notod angle with the above-mentioned aero on tho horizontal 
plane or circle. 

ApporatnsPrec I s ely the BAmo os that mentioned in tho pro* 
ceding test, with tho single exception that tho glow lamp is now 
held in & special form of holder capable of taming through known 
angles in horizontal and vertical planes, 

Obstrratiozil.—(l) Connect up os indicated in Fig. 23, and 
adjust tho pointers of tho instruments V and A to zero, levelling 
tho motors if necessary. 

(2) Fir, in a manner most convenient for calculation, the 
distance D between standard and lamp to bo tested (500 cm*, say) 
and adjust the standard of light used to the proper C.P,, either 
using .the gas carburetter or utiierwitfp. 

(3) Close S and adjust R so as to obtain oxactly the normal 
rated voltage across tho lamp terminals, which must bo kept 
ferftdhj constant throughout the wholo set of testa. 

(4) Adjust the lamp and its holder so that the principal part 
of the filament can rotate in a horizontal or vertical plane about 
some fairly definite point, the line joining which to the standard 
posaee through tho grease spot and is pirallel to the photometer 
bench. 

(5) With tho voltage at exactly the normal value and the index 
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&b zero on the horizontal scalo for the piano of the filomont parallel 
to t)ie bench, measure the C.l’. every 30” on the horizontal scale 
m tho lump is turned rouml {vide obs. 4 and 0 of tlie hist tqstjv* 

(6) With Uio index at 0’ on tho last-named scalo measure tho 
C.P. every 30’ on tho vertical scale us the lamp is turnbd rousil. 

(7) Repeal 6'for tho index at 43* nud 90* on tho horizontal 
scalo, and tabulate all your results as follows— 


Kami* . . . Hits . .. 

r*ray . . . Clim.,, Nofiu.it Volta .,, UP.. •. IU'SJhbm-8 ruiJ ., 

Biwtkrcl o t Ll^lit. Tyi*; ... CP... . . 


HorfrontuJ 

■till* 

tvuhrip. 

Vortkwl rt*Jc fin tlilluioirl, 

horiAiitlul fliiglr-*. 

IMjiDCO 

li 

CL I*. 

X 

if onu 

A' 

it.S.K, 

jf.lLt 

tr 


«• 










(8) Plot tho polar curves for horizontal and vrrtieal dietribn- 
tions in the maimer sot forth above. Tho lattor far each of the 
angles 0", 45“ and 90*. 


(23) Measurement of the Percentage Absorp¬ 
tion of Light by different kinds of Shades 
and Lamp Globes. 

Introduction.—In olcclric lighting particularly, and also in 
other methods of illumination, it is almost invariably the olso 
tliat the lamp is partly or wholly enclosed in a glolie or shade 
which is partly for iiso in softening tho light, as we may express 
it, and partly for or n am out. In arc lighting the opalescent globe 
is very goneially used, while in the caso of electric incandescent 
lighting either the bulbs of the lamps themselves are often made 
of opalescent, ground, floated, coloured or other translucent foima 
of glass, or separate aliados of such material enclose the ordiaary 
• clear glass bulb of tho lamp. In all cn sen the result is a more 
evenly diffused light and a more uniform illaroinntum, and ono 
that is softer, so to speak, and less trying for tho eyes. The 
introduction of such shades, however, usually diminishes con¬ 
siderably the outside illumination of the source owing to the 
absorption of light by the flhado, but it should be borno in mind 
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tliat dome of the light which is apparently absorbed is actually 
lost by* reflection. As, in some cases, so much as 70% of tbe 
# light produced is tbu9 absorbed, it becomes of importance to 
determine the amount in particular cosok, for it will bo seen to 
mfttci'intty affect the number of himps really needed to illuminate 
Satisfactorily a room of given area. The present test is arranged 
with the object of doing thin, but no account will be tukon of loss 
of light through reflection, as the measurements of this and 
absorption separately requires move claborato methods. 



Apparatus.—Low rending ammeter A with long open scale 
(p. 559 ); high nwi^tiLnco voltmeter V\ adjustable fairly high 
resistance R (p. 80.1) • secondary battery and photometer bench 
DD complete, containing “ Methvon screen ” or other standard (C) 
of light) “Hightrhux" li containing u Huoaru gratae spot (p- 
592);'switch S; and an electric glow lamp G (say of 8 C.P.)) 
shades to be tested. 

N.13.—For particulars on the adjustment ami uso of the 
Methven screen standard of light, see Appendix, p. 595. 

Observations.—(1) Fix, in a manner most convenient for cab 
eolation, fc&s duinucs V between standard and glow lamp (500 
eras, say), and adjust the standard to the proper C.P., either using 
the gas carburettor or otherwise. 

(2) Connect up the glow lamp G as indicated in Fig. 25, and 
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adjust the pointers of V and A to zero if necessary and levelling 
them if required. ‘ 

(3) Close $ and alter Jl so ns to obtain the normal voltage nereis , 
the lamp terminals ns reed off on V, Then movj tho carriage 

v carrying tlie “prcaso spot” until the whole surface of tho letter 
appoare equally illuminated, great caro being takon to kocp the 
standard of light properly adjusted throughout tlio tests. 

N.B.—The true scale position will bo found more accurately 
by taking the mean of tho two positions of tlio carriage wiioti tho 
spot is juti perceptibly darker and lighter, respectively, than tho 
surrounding paper. In this way tho mean distance (d) frgm 
standard to greiso spot should bo taken when tho plane of the 
lamp filamont is (a) parallel, (!>) at 45", (c) perpendicular to the 
axis of the bench, and tho volte and current noted at each (which 
must ho kept constant). * 

(4) Now place a given sliado to be tested for absorption over 
this plain glass bulbed lamp and vrpo.it 3 for this and all other 
abodes in succession, keeping the lamp voltago quite constant. 

(5) Calculato the C.E. (A') of the light with and without shades 
from the relation 

A' = C candles, 

tP 

where G — tho candle power of tlio standard and d ~ mean of all 
tho bench readings of the greaso spot as found in 3 above, and 
tabulate yeur results as follows— 


hem ... n.vra ... 

Glow Lamp; Korn ml VuIUb , . « Nafuro cf rIjup lriilba . , 

Ataixhri of Light; Typo • . . C.I\ ... . Total d t»Uucc.D= . . 


Nfttorc 
_ _ or 



VUne cf IHlainoril and Ails of Puk'Ii 


c.r.oi l-iiiii 

' Alwoqi. 

(lua 

■O' aliMt® 

LOO 



Piimlid. 

At 41®. ||VlTp8UiUCUIHf. 

immi 

ufnll 

With. 


alutb 



Bpdfc jnit perceptibly 

)CnJ- 

tluru 

mil 

filiute 

HlUUk- 





dark | Uylit j] dn k | light 

* 





j _i i i t. 

i 




Inferences.—State carefully all you can infer from the results 
of your experiments and point out their bearing on the lighting 
of rooms in general. 
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Tlie Photometry of Electric Arc Lamps. 

(HAbtoI Benarka—In pholomotrio measurements of tbfl 
piyeant nature, many little difficulties exist which do not appear 
in the study of nearly all other sources of light. They ariee 
from tho fact that, in the first place, the intensity of the light is 
extremely fluctuating and very difficult to maintain constant for 
any appreciable length of time. In the next place, the in¬ 
tensities arc usually so large that special standards of light have 
be employed, and in addition, the general arrangements of the 
aro light source relatively to tho photometer and standard have 
to be such thut only a known fraction of tbo light to bo 
measured is balanced against tbo standard. The chief difficulty, 
♦however, ari b ds from tho great difference bet we on the colour of 
tho ore light and that from all other common standards of light. 
So marked is this, both in the case of direct and alternating 
current arcs, tliat frequently the unpractised oyo is unable to 
form anything liko an accurate) judgment betwcou tho amounts 
of illumination on a given surfaco due to each. Lastly, the arc 
is continually travelling rouud tlm carbons, thereby causing wide 
variations in tho light emitted along the axis of tlm photometer 
bond). This effect oil the correct rending* of tho photometer 
“ tpjht-boz'* for given positions can ho minimized by taking the 
moan of sever,d readings of tho eight-box on tho bench for as 
nearly OS possible tbo same values of voltage and current supplied 
to the lamp. 

As is wall known there ai-o some clmracterietia differences 
between continuous (direct.) and alternating current arcs. In 
the former, tbo positive and negative carbons burn away at rates 
approximately in t'aa proportion of 12:7 respectively, wbicb, 
however, may vary from ] -2 to 4, according to tho quality an<i 
typo of carbons and the voltages and current supplied to tbo 
cue, tbo first-named ratio only bolding approximately tmo for 
ordinary lamps with carbons of equal diameter, and using from 
10 to 12 amps, at 45 to 50 volts and run with continuous currents. 
' Peculiar to this type of lump is the formation of a recess or 
“crater,’ 1 as it is commonly called, at tho end of tho +” carbon, 
the - n assuming a conical pointed shape at the end. 
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For lighting purposes the lamp is always connected up and 
suspended so that the + w carbon is uppermost, and no second 
consideration is necessary to at onco see that the distribution D of 
light all round the arc (i.e. tho spherical distribution) is fur 
from being uniform. Tins determination, together with that^of 
the spherical oondlo power {C.P.) for a given amount of power 
absorbed by tha lamp and llie regulation of the lamp mechanism, 
amongst other tests, is tho object of tho following investigation. 

The distribution of intensity requires for its determination 
somewhat special arrangements for enabling tho C.P. to be taken 
at different angles to tho horizon line. This variation is 
measured in a vertical plane only, and there are several dovicea 
for carrying it ont. One is to suspend the lamp from the coiling 
by means of cords and pulleys or a pulley block, ho that it can 
bo raised or lowerod to different heights above the central aids of*? 
tho photometer bench; tho light is then reflected by a suitably 
placed plane mirror (making am angle of 45" to the bench) along 
the axis of tho bench to the sight-box; the centre of the mirror 
forming a right angle between the axis of the bench and the 
direction of tho incident beam from tho arc. The oiirrnr is 
so arranged that the reflected rays always make an angle of 
45* with tho axis. The absorption of light or coefficient of 
reflection by the mirror at this anglo is carefully measured and 
allowed for. Lot this co-offioioTit or percentage of the total light 
striking the mirror, which is reflected, = A1 Tlion C.P. of reflected 

j' 

beam “ j^jj x C.P. of beam from tho arc, and this reflected 

beam is thou measured against the standard. The distance of 
arc lamp from photometer sight-bos then is reckoned as ■* 
distance between lamp and mirror + that betwpen mirror and 
sight-box. This enables largo C.P. 8 to bo compared with 
comparatively anmll ones, which would otherwiso necessitate a 
bench many yard* long. 

Standard Light, —This should be as largo as possible in 
magnitude, so a* to hoop tho sight-box near the ceutre of the 
photometer bench, and thuH minimize errors in its true position. 
In addition the colour of the light should approximate to that of 
tho arc. The standard which fulfils those conditions in a fairly 
satisfactory maimer is ono consisting of an glow lamp of, 
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say, 32 C.P. at normal voltage. If this is over run some 5-8% 
in voltage, it will emit a much whiter light and one that is 
more nearly the colour of the arc. This lamp must be carefully 
• standrtdixcd /tgninst a known standard of light at two or three 
definite and accurately noted volLagoa Abovo normal. Probably 6 % 
ovIk" normal will givo n 0.1\ =* about 41) or 45, and over normal 
about 60—CO C.P. At this abnormal voltage the bulb will 
blAckon inside fairly soon, and hence the lamp should not only 
be kept on for tho shortest time, bub should frequently be 
ro-atnndnrdixcd. 

Differences in colour between the two lights to bo compared 
nitty to Borne extent bo correctod by taking tlio readings of 
the slider carrying the sight-box when observing the balance of 
illumination of the latter through red nnd green glass in 
succession, the best kmds for the purpose being what are known 
commercially as 41 eupud-red " and 11 (free and which should be so 
chosen that a bright sunlight viewed through the two togother 
appears quite dark. Tho effect and object in using coloured glass 
is explained on p. 58. 

There are really two kind* of efficiency determinationa 
recessary in conn action with arc lamps which are automatically 
self-regulating, namely— 

(n) The u fkmimurcial Efficiency” of tlio lamp n» a whole 
reckoned in Watts per cnudlo emiltcd, ami which lakes into 
account the total power in "Watts absorbod by tho lamp, t. a in 
the one and regulating mechanism. 

(G) Tho 11 Nett Optical Efficiency,” reckoned also as above, 
but taking into account only the power givon to the arc itself 
and neglecting that absorbed io the regulating modjrinisras. 

The following teats ore devised for the puiposoof investigating 
these Separately and comparing the results, and also of examining 
otbor very important points pertaining to arc lamps in general 

(24) Measurement of the Commercial Effi¬ 
ciency of an Arc Lamp. 

Introduction_In tire present insUnco the photometer bench 

being of considerable length, presumably, the two Boutros of light 
are placed one at each end and in a line with the photometer 
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right-box, which will in future be termed the tern u, for brevity 
■tki 

Appaintui.— .Photometer bench EB ; fitted with & Bunsen 
gram-apot um ((?) (p. 592), pieced inside n eight-box to pre¬ 
vent stray light, due to reflection from the walla of the room, 
fulling on tbo-eerren, the walla and ceiling being bg duU Nad 
a* poaaible; standard known som-co of light (/.*) consisting ol 
an over-run 32 C.P. glow lump, carefully standardized at a known 
voltage by a previous test 



A voltmeter V r preferably the some used in tho calibration of 
the glow lamp, together with a rheostat r (p. 503) for reproducing 
tho voltage of calibration. Arc lamp {/,) to bo tested, supported 
on a suitable stand, and placed in circuit with an ammeter A ; 
voltmeter f,; rheostat R (p. COG), and switch S. A secondary 
battery should be available to feed butli cii-cuits in preferenpe 
to.a dynamo current, as tho former gives a far mors steady 
E.M.F, and hotter results than tho 1st tor. 

^ Observations.—(1) AdjilBt the arc lamp in its cradle or stand, 
''so that the point of contact of the carbons is at the same height' 
. above the bench os the centre of the screen nud standard light s 
Centre tho two car bona very carefully. ,’> 

(2) Fix the distance D between arc and standard at some con- 
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vcuient amount for futura calculations (any 600 oms.), and adjust 
tho arc lamp so that the carbon* are voitical, 
t (3) ponnect up as shown in Fig. 26, and adjust the pointers of 
A, y t and V, to zero if noceaaary. Vary r ao aa to giro L, the 
vo'^ago os read off on l r 2 , at which it was standardized last, 
when it will then give a definite known C.P. 

(4) With Ii full in, close S, and vary 1{ so that the aro just 
burns with tho carbons in equilibrium. Now quickly adjust the 
position of the sight box, so that tho grease spot appears equally 
illuminated all nver each side. Note its scale reading (d) from 
* thp standard, tho volts V u Vj and tho amps, A. 

Sate.— Y t must he kept rigorously constant during this aud 
the following observations. The sralo loading of can bo obtained 
most accurately by raiding it when tho greuso epot is just per¬ 
ceptibly darker and lighter respectively than tho surrounding 
paper, This should bo done, using red and greoo glnss in addi- 
tinn to the linked eye, and tho mean of all the readings recorded. 
The reading of T, and A must bo constant during the taking of 
the above readings, 

(a) Be-adjust 11 and ropcat 4 for about ten difforont values 
of Ki, rising by about equal increments to 60 volts or so, K, 
being constant. 

Each of the readings in 4 and 5 should consist of a group of 
3 or 4 observations with V, and A constant, so that a mean may 
be taken which would allow for alteration in C.P, due to the arc 
travelling round the carbons. 

Tabulate your results as follows— 

K.utr .., Dill,, , 

Art laiu|> te-ted: ... N ««t . . . Ty|m < ■ » 

Tii« ofmrboM ... Si* of r<*i& « , . 8ia of ii^tin , ,, 

BUndarvl llglfc Typ6 ... Caudle jomtrK t c-wb. AmmeUtr lUeiat.a... OLzne. 
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(6) Hie voltmeter mod for V lP especially if a hot wiro, must be 
shunted, not directly to the lamp, but to tho lan ip and ammeter 
A combined. Tlio volte lost in A can be calculated fend sub- 
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tiwcted from that shown on F, in order to got the true volts on 
the lamp. 

The ammeter resistance is required for this correction end can .. 
be found approiiuiatoly by tho Wheatstone Bridge. 

(7) Plot the following curves on tho same sheet of curve-paper 
between C.P. as ordinates in each case, and (i) Volts K, (i:) Amps, 

A, (iii) Watts AV h (iv) Efficiency as nbscissic. 

(8) Compare the above coet per candlo hour for power at 6d, 

per unit at normal voltage across the arc lamp with that of a 
glow lamp of equal C.P., taking 3 Watts per caudle at normal 
voltage. The price of energy being the fiiuno. < 

Inferences.—State clearly all you can infer from your experi¬ 
mental results, 


(25) Determination of the Nett Optical Effi¬ 
ciency of an Arc Lamp. 

Introduction.—This test is similar to tho last, with the follow¬ 
ing exceptions— 

Plaoe tho voltmeter V v which should be of a sensitive high 
resistance type, across ike arc instead of the lamp teroiiuuls as in 
the preceding test. This can be done by connecting it to two 
spring clips, which luako good contact with the carbons about two 
inches from their ends next to the arc. Tho ammeter (A) must 
now be so arranged in the circuit that it maasuros the current 
through the are without toking into account that passed by any 
shunt-coil which the lamp may happen to have. 

Apparatus.—Tho same as for the commercial efficiency test, 
and in addition the two necessary spring clips. 

Observations,—Repeat those of the foregoing test exactly as 
there indicated. 

Connect up as in Fig. 20, with tiro exceptions noted absve as 
regards the position of the ammeter and voltmeter. 

Compare the efficiencies obtained from the two tests, and also 
the costs per candle hour for power at the same price. 
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(26) Determination of the Distribution of 
Light from an Electric Arc 

JutrodnotloiL—Tbe distribution in the coso of an arc light is 
obtained by measuring the O.P, at various nllglos to the horizon, 
ia ono single vertical plane containing tbe central axis of the 
photometer bar. 

To enable this to be done &oine arrangement, similar to the 
one briefly described under “General remarks” on arc light 
pliotouietry, is necessary. 

Tho author, however, has devised a simple form of “emeffe” 
in which to fix the lamps, and which is illustrated and described 
in tho Appendix, p, 587. 

• Tbe difficulty arising in tho lisa of such an arrangement ia due 
to the fact that most arc lamps will not continue to bolf-rcgulato 
when placed in a alauting position, Tho author, however, finds 
that, with a suitable type of lamp, there is practically no difficulty 
from tho above cause, until tho cradle main* an angle of about 
DO* with the horizontal, and for just tho ono or two readings 
after this it is cosy to help the mechanism by hand in order to 
inaiutain tho “intake” of electrical power by the lamp constant. 

Apparatus,—Precisely that mentioned for the tost No. 24, p. 
63, on “ Commercial Efficiency,” except that tho cradle is now 
required where ju$>t on ordinary stand would have done in that 
test. 

Observations.— (1) Repeat 1-3 of the aliove-citBd lost, seeing 
in addition that the carbons touch at a point which is in a line 
with the centra of tho axle of tho audio, and that their axes 
coincide. 

(2) Set the cradle with its pointer at sere, when tho carbons 
will bo vertically over one another. With R full id, close S, and 
vary R 00 that the lamp takes its normal voltage and current 
and bums quite steadily, then quickly balance (by moving tho 
screen), in tbe manner set forth in observation 4 of tbe test 
aited; repeat this three or four times for the same values of A 
and V v and record tho .mean in the table. 
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the aria of the carbons will be nearly parallel with the photo¬ 
meter bench, and tabulate as in the table for teat 24 cited, sub¬ 
stituting the heading “ Angle between carbons and horizon " for 
the cost, etc., in the last column of the table. 



(4) Repeat 2-3 for a considerably lower current A than the 
normal, but one at which the are burns propel ly. 

(5) l J lot the Volar Diwjram or enrv-cs of distribution of light 
from tho are at various angles for each current used in the 
manner described below. 

Inferences.—State clearly all you cun infer from your experi¬ 
mental results, and point out their bearing on the lighting of 
Streets and large areas by means of arc lamps. 

Determine from your results the mean spherical efficiency 
which » (4 horizontal efficiency I J max. efficiency). 

Koto. —Tins may vary from 0-050 to 0-200, depending on the 
diameter end quality of the carbons, and is the ratio of the noemol 
power in Watts, as given to the lamp in observation (3) above, to 
the mean spherical C.P. resulting. 

Plot or Ponan Duguih snd Distribution op Ijoht from Aba 

Let D be the junction of the -f and - carbons, «, a centre of 
arc. 
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Let DB represent the inarimura O.P. obtained {or some posi¬ 
tion of the ere, then with D as contra and DB as radius, draw 
tlfe semi-circle ABO. Diride this into eighteen equal parts, each 
of which will therefore - 10* of arc, and draw radii to the point* 
of* interaction so formed. Now sot off to the same scale as 
DB, the carious O.P.s measured, along the respective radii from 
D, representing the angles in which they wero measured. Then 
the ourve 1)0 I'll drawn tluough these points is the polar dia¬ 
gram of O.P.s from the arc, 



The distribution corresponding to this polar diagram is 
obtained as follows— 

Draw PBS through B parallel and equal to ADC. 

Through each of tho points of division on the semi-circle ABC 
draw iines parallel to DB, and therefore perpendicular to PBS. 
From PS on these set off lengths proportional to the respective 
O.P.s at tho corresponding angles. Thun, for instance, AT - 
DP - maximum O.P., and so on for the rest Now complete 
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the rectangle PQYSS and draw the second curve PYS, Thau 
we have far the ero lamp— 

„ . . Alta of curve PYS _ 

Mean spheiical C.P. = * mat O.P. 

-■ (J horizontal C.P. + J max. C.P.) apprtix. 

Tho curve PYS shows tho inarmor in which iho illumination 
of streets falls off wiLh diroefc current arc lamps at cliffei^ni 
distances from the lamp for u given height above the ground. 


{27) Other Tests on Arc Lamps. 

DffraiU! NATION 0? THE EmiCT OF CaRBOHS OF Diffirent 

Diaheisbs and Quality oh tub Si'kkukial C.P. and Spiierioac, 

Efficiehcy. 

Hotel.—In this test cave must bo taken to vary only ana thing 
at a time, ns for instance— 

(«) Vary the diameters only for exactly the earne quality of 
carbon, nil other conditions being constant. 

{!<) Vary the quality only for exactly tho Bame diamotor of 
carbon, all other conditions being constant, as for instance the 
amount of power supplied to the air. Tho spherical O.P. and 
efficiency is then measured in cedi of tho cases a aod 6 in the 
manner just described. 

The results should bo tabulated in a convenient manner. If 
possible a curve should he drown between each separate pair of 
variables, and, lastly, inferences deduced from the experimental 
results. 


(28) Determination of the Relation between 
Voltage and Current respectively, and the 
loss in grammes per hour of Positive and 
Negative Carbons. 

Holes.—In this test, as was also mentioned in the last, only 
one thing must bo varied at one and the same time. Thas— 

(a) For the same voltage, measure the loss ia grammes of ths 
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Bine or exwdly similar carbon occurring in the 

same interval of time with different currents. 

Jb) i'or the same cuireut, measuro the loss io grammes of the 
same or exactly similar +" urd - v ' carbon occurring in the 
sape time with different voltages. 

The results should be tabulated in n convenient menner, and if 
possible the following curves drawn—- 

Two between volts aud amps, respectively on the abscissa and 
losses in grammes per hour of + ™ carbon as ordinates. 

Two botwren volts and umpa. ns before, witli losers in grammes 
p$r hour of - ” carbon os ordinates. 

A !1 on tho same sheet of curve piper. 

Carefully deduce the inferences obtainable from the results of 
the tests. 


(29) Relation between Voltage and Length 
of Arc (with Constant Current through it). 

Introduction.—This tost, like the next one, h important, os 
it indicates why certain types of lumps can ho mu at higher 
voltages than Olliers, whilo in conjunction with tho results of a 
corresponding test for obtaining the Polar Diagram of tho lamp, 
tho effect of the length of urc on tho distribution of light over 
the lower hemisphere is clearly indicated, The reader should 
poruso the remarks umhsr “introduction” in the next test which 
apply to the present one also. 

Apparatus.—Precisely that for teBt No. 30, 

Olttfirvations.—{!) Gumcct up as ill Fig. 30, and sot A and V 
to 2 crp if neeefisiiry, 

(2) With (I!) full in, close S and rt strike " the arc by bringing 
tha carbons together for an instant, nml then quickly separating 
them, R being reduced to keep tho arc burning. 

(3) By varying /?, obtain a series of arc lengths between about * 
and tho maximum possible by applying different voltages 

across it, tho current Ixiing kept as constant as possible all the 
time at tho most convenient value to bo found by trial. Then 
after rapidly moving /, to obtain the sharpest imago / on G of 
each arc length, quickly measure /, and note x, y, A and V. 
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Koto.—Time should be allowed for the carbons to burn to 

shape, and for the arc 
to hccnruo steady befo*e 
reading* are taken. 

Tabulate your rcsujta 
cxnetly as in tlio lost 
test, and plot curves 
having values of V and 
It ns ordinates with 
length of arc (</) os 
abscissas. 

Find the constant (n) . 
in tho cqimtinn— 

y= F„ •+■ a.tl. , 
to thu working part ay 
10a fl>. uf tllu = ul ' vl ?> Fi Jf- -3. 

Inferences. — Whit 

can you deduce from the result* of your test? 



{30) Relation between the Current through 
an Electric Arc and the Voltage across 
it (for a constant Length of Arc). 

Introduction.—The present test has an ‘important hearing 
on the supply of eiortrical energy to “ 01 >:•: 1 ," 11 enclosed," and 
"flame" arc lamps in view of the length of are normally 
employed in those thrro distinctive types being dillei'Cnt- in 
practice. The voltage across the arc can be obtained by a‘ high 
resistance voltmeter connected to In 0 spring clips placed on the 
carbons as close to their tips ns is safe without risk of fusion. 

The voltage thus measured will bo that necessary for wer- 
, coming the apparent resistance of the arc made up of the back 
E.1LF. of the arc -f the “ohmic drop" in the arc due to its 
ohmic resistance. 

If the voltmeter is connected to tho lump terminals it will 
measure tho above named apparent resistances + the additional 
“ohmic drop ” between carbon tips and terminals. 
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The length of ere may bo found in ono of two ways: (I) by 
throwing an image of the arc on to a screen at a known distance 
av*ny,'by means of a double convex lens, when from the length 
of image and the distances of tho tens from am and screen the 
length of arc itself is at once obtainable; (2) by placing a gauge 
of known length, about equal to that of the am In fmnt of the 
Utter, and measuring tho shadow of the gouge on tho screen, 
when from tho length of shadow, gauge ami tho distances, the 
length of arc is obtained. 

Apparatus.—Hand-feed arc lamp B with terminals 7T; 
dabble convex lens A, mounted on sibling base; ground or milk 
gloss screen G; ammeter A j voltmeter I'j variable ibcosUt A'; 
switch S and source of supply X. 



Observations —(1) Connect up as in Fig. 30, and adjust tho 
pointers of vi and )' to zero if necessary. 

(2) With (ft) full in, close S anti “strike" tho arc by briugiog 
the carbons togolhrr for an instant, and then quickly separating 
them, R being reduced to keep the arc burning, which must bo 
corcfuliy watched. 

(3) Adjust the arc to a convenient length, say J” to J", and 
move L until the dearest imago l is obtained on G, then quickly 
measure the length of / on G, and note tho readings of V and A 
and the distances x and y. 

(t) With the length of 1 constant, vary R so as to obtain 
a scries of valuos of V and A between 0 and, say, 25 amps.— 
x and y being constant, and the arc adjusted to keep / constant. 

, (5) Repeat 3 and 4 for constant lengtlis of arc of about 

and and tabulate your results as follows— 
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DlbtoiCM. 

Lengths of 

Vnltl 

r. 

Amp'. 

Apiwat 

Hcfdrtunce* 

A 1 polite. 

it 

X. 

y • 

Iiripf/J. 

Ar e(i) 
*fxl. 
y 







r 


( 6 ) Plot to the aamo axes, curves having values A as absciss® 
with both V ami II as ordinates. 

Inference*.—What can you dcdiico from the results of the 
test? 


(31) Examination of Alternating Current Arcs. 

General Eemarke.—The alternating current arc possessef 
many characteristic and interesting features which are aljsent in 
the case of the continirous current arc. Thus for instance 
the two carbons consume away at approximately equal rates. 
The colour of the rays is quite different, being much more 
purple than in the diroct current art Again, more energy is 
needed for the sarno volume of light omitted, and the arc gives 
out a rhythmic hum if it is b irring preporly. 

In addition the true power IT given to tho lamp may bo 
considerably less than the apparent power A V, >. t. the product of 
the alternate current ammeter and voltmeter leadings. Thus 
,. , IK 

the power factor which = j-p may be very low and evon down to 

O'BO in an alternating current arc lamp. 

The following additional investigations should bo carried out 
on this type of lamp, namely— 

The effect on the 0. P. of variations of (a) voltage, ( 6 ) currant, 
(e) frequency, Id) quality of carbon. 

The effect on the angle of phase difference or power fiictor 
of (e) quality of carbon, (/) cored and uncored carbons, 
( 3 ) hissing of the arc. 

The relative amounts of power absorbed by the are itself 
and by the regulating mechanism should be investigated. 

Many of the above tests can only be employed on hand- 
regulated lumps. 
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{32) .Measurement of the Interna! Resistance 
of Secondary Cells. 

• 

Introduction.—Tho following method is tho best for measuring 
the working vnluo of tho internal resistance of a storage cell or 
battery of such. Owing to tho very low resistance met with 
usually in this kind of cell the erdiuary methods are practically 
inapplicable, and in the present case the cell is being tested more 
on lees under working conditions. 

If a battery is being tested the total internal resistance can be 
obtained at once, and if the cells are all of the same size, make, 
and type, the resistance of each cell can bo deduced, probably 
with considerable accuracy, by dividing the total resistance so 
obtained by the number of cells and thus obtaining the average 
resistance per cell. It should bo remembered that the interna! 
resistance of any cell is not a fired and invariable quantity but 
depends on several tilings, thus, for instance, on the density of 
the sulphuric acid solution which is continually clianging accord¬ 
ing to the amount of discharge, or charge of the cell. It is 
interesting to note in this connection that the resistance of a 
solution of dilute sulphuric acid is least at a speoiiio gravity of 
about 1220 and increases from tliis in either direction, i.e. for 
a rise or fall in density. Again, the internal resistance will 
depend on the condition the plates arc in, and will be greater 
if they Are “ euljihated ’’ than if in good condition. 

Apparatus. —The cell or cells (II) to be tested; voltmeter V of 
sufficiently large resistance, and having a long open scale, enabling 
small .differences to be rend accurately; ammeter A capable 
of reading up to the maximum current to be taken from the cell; . 
key K; switch S; carlxm rheostat R (p. 597). 

Observations.—(1) Connect up as in Fig, 31, and adjust the 
pointers of Y and A to zero, levelling tho instruments if * 
necessary. 

(2) With S open, close K and note the reading R on the 
voltmeter. This is therefore tho E.M.F. of the cell in volts, 
since only an extremely small current is flowing. 

(3) Close both K and $ and adjust £ so as to obtain about 
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j’jth of tbs maximum current output from B. Soto simul¬ 
taneously the readings ou A and 7, which latter now gives tile 
I I ts'Mtitfd P.D. (T) in volti. 




s 




R S 

o jo 

Fla. 81. 


—(A) 


(J) Repeat 2 and 3 for 
about ton different currents 
rising by about equal incre¬ 
ments to the maximum. 

(o) Calculate the work¬ 
ing value of the internal 
resistance b of the cell or 
battery from the relation . 

6 = —— oliras, 

A 

and tabulato your result* as 
follows — 


Kak« . . • Cat i . . . 

Cell taatod : MeVe ... 1j \>t . . No. of PUIoi - ., , of 1’Jntei = -« 

IHtUnio between Piatw . Amirov, S|>. Qi. of Solution . 


RMV. 
g Volta. 

P.TX 

r Volta, 

Current 

A AulpJ, 

Irjffttnnl 

Ikllitmr* 

6 OllTTU. 

Totemul 
flotiNtnnoo 
per Cvtlfuri 
D.itlfiry. 

Mean 

lntrmul 

ftwlatvicu. 








(6) FJtit 2 curves having values of F and (6) as ordinates and 
A aa absd.s*e. Show that tho tml^rnt of th« angle of slope 
(from tho horizontal) of the V and A oili'vo = tho internal 
resistance (A). 


(33) Measurement of the Efficiency and 
Storage Capacity of Secondary Cell?. 

Introduction.— Secondary cells may be divided into two main 
divisions, namely—the “ Faurd ” is pasted type, and the " Haute " 
or n&ypa»ted type. Hie chemical changes occurring in either 
duos, during charge and discharge, are precisely alike, hut tho 
Ruder is referred to ordinary toxt-books of Electrical Engineer¬ 
ing—for instance, Electrical Enyiaetr'my m Thtxy and Practice, 
by tbs author—for such changes which hardly come under the 
■cope of the present work. 

The secondary or store go cell has taken up so prominent a 
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position at the present day in both electric lighting and electric 
traction that; the method of measuring the efficiency and storage 
^ capacity of any typo of evil, or perlinps more particularly the 
relative behaviour of different typos under the same conditions, 
>9 f. matter now of paramount importance to every electrical 
engineer, A good deal may be said with regard'to tho precise 
rnodo of testing such cells, ami in this connection much depends 
on the duty which tlioy Iuiyo to perform in actual practice. 
Any laboratory test of such cells will be worthless almost, from 
a practical point of view, unless it is carried out under conditions 
as ^nearly as possible aliko to those the roll will work under in 
its everyday uso. Thus, for instance, tuko a battery employed 
for merely lighting purposes, say at a contra! electricity supply 
station. It is never resting idle and never merely giving either 
♦ts full load discharge or any other constant output, for the loud 
which it him to take varies with tlu> lour, day, and season of 
the year, from often nest to nothing, to full loud and sometimes 
a considerable percentage overload for short periods. Thus it 
will bo Hrcn that in this instance any test to bo of value must 
he earned out aa nearly as possible under these conditions, and 
for raontlia continuously, too, instead of, perhaps, only for two or 
three weeks always at full load and with, say, a night's reet in 
between each such discharge. 

Again, in the caso of electric traction work, tho above remarks 
do not all apply, for instance, usually a battery used in this kind 
of work in Bub-stations is relievod of disch&rgo between midnight 
and about 7 a. to, in tho morning, during which period it is cl Larged, 
When used for portable work, as in autocars and tramcars, It is 
subject to both rapid and wide fluctuations of output and often to 
excessive jolting. 1 Iouco tho test on a cell requi rod for tills kind of 
work should boa very stringent one, automatic jolting gear being 
provided to operate on the cell while being discharged, while this 
latter must often bo abnormal. Practicnlly tho Faurd or posted 
type of cell is the only one available for self-contained autocar 
traction, as weight forbids the use of the Plants typo. As one 
instance of a traction typo of pasted coll which will stand periods 
of excessive discharge and the wtsk of tho solution against the 
plates and yet have a long lift, the Headland secondary cell may 
be instanced, and test* extending over years amply justify this. 



78 


XLEOTRIOAl ENGINEERING TESTING 


TJie efficiency of »ny secondary cell or battery can be reckoned 
in one of two ways, namely, the— 

Quantity efficiency, or Ampere-liour efficiency 
Amperohours given out •> 

Ampero-bours put in 
Energy efficiency, or Watt-hour efficiency 
W att-h ome given out 
Watthours put in 

Each of these will defend to a certain extent on the relative 
periods of charge, rest, and discharge, and also on the current 
density or rate of disclnirge reckoned say in amperes per unit; of 
area of positive plato. Tlio greater this is the less will be the 
quantity efficiency, And also the energy efficiency, though the 
latter not tr the same extent as the former. 

It may here he remarked that the quantity efficiency may b6 
as high as 04% when the current density is low aud the cell used 
under favourable conditions, whereas the enei-gy efficiency cannot 
exceed 80% from the fact that the averago nmriml voltage of a 
cel) on duckarge is S'O volts approximate and tile average voltage 
needed to c/ianje boing S‘S about. These two efficiencies in 
practice may he taken more nearly os about 75% and 05% 
respectively. 

The capacity of any secondary cell may be expressed in one 
of two ways, namely, either as the ninpere-konrs or ns the Watt- 
hours which it is capable of giving as a usc/af tlieelauye. The 
term commercial capacity might be given to tbe number denoting 
the ampere-hours or the Watt-hours per lb. of plate (taking 
both +” and - " together) or per lb, of cell complete, intruding 
acid, etc. s 

At the present day, owing to there being so many forjns and 
methods of building, tbe latter mode of reckoning the capacity 
is the only one available when comparing different types of cells. 
A secondary cell may bo charged either (l) at constant P.D. 

1 or (2) at constant current. In the first caso a fairly heavy rush 
of current takes place at storting, aud tbe method would be 
unsuitable for use on some types of pasted cells from the risk 
of the plates buckling. The second method is the one nearly 
always employed in practice and is the one which will here be 
considered. 
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Tho cell should not he tiiHchargcd normally below 1 '80 volte on 
closed circuits since it wilt then lienomo practically useless for light’ 
injcircuits, and there is also tho danger of the plates “titillating " 
rapidly below this limit. For tho latter reason it should not be 
aliened to rest in this discharged condition. 

Apparatus.—Cell R to he tested; sensitive voltmeter ( V) with 


£ 



| S. * 

-o oJ--w/m— 1 

Km 32. 

open scale; ammeter (4); switch S l ; carbon rheostat R (p, ( 597 ); 
two-way nwiU'h S \ source of charging ftM.F, (A); hydrometer 
und weighing arrangements if the latter abould be required. 

Observations.—(1) Assuming that tho coll to be tested is not 
already set up, but is still as received from the makers. First 
weigh each complete sot of plates, "Positives” ami also *‘Nega- 
tivos,” separately after dusting them. Also weigh the containing 
vessel, mid the dilute sulphuric acid solution, (of the specific 
gravity authorized for that particular cell), which is sufficient to 
cover tho plates and be about one inch above their tops. Measure 
the size and thickness of the plates. 

(2) Set up the cell properly, connecting up as indicated in 
Fig. 31, and adjust tho pointers of V and A to zero if necessary. 

(3) More as a matter of interest than otherwiso, carefully note 
the ep. gr. of the acid solution before and immediately after 
putting it into the cell by means of tho hydrometer, and then noto 
the loadings of this latter and the time frequently, while tho 
Gp*-gr a La rapidly altering and until it becomes constant. 

Hoto.—In all oases exercise great care in keeping the hydro¬ 
meter away from the sides of the vessel and plates; if this ii not 
dene ij will give totally erroneous readings due to adhesion. 
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(4) It the sp. gr. of tho acid solution is constant note it, then 
with Jf-at its maximum end S on contact a, note tho time on 
closing S l and quickly adjust tho current on jt to the “normal" 
for Uivjs coll by means oE R. 

(5) Keep this current constant in strength until the acid 
becomes milky in appearance throughout—commonly known as 
hotting and due to bnbblea of gas liberated from the platen Note 
the readings of the hydrometer and voltmoter and the time 
frequently while they ale varying rather rapidly, but less often 
as they vary more slowly, aud, lastly, open S i when the cell is 
completely clmrgod. 

B.B.—Probably this first ciiargo will lost from at least 16 to 
something like 30 hours before Ibo cell thoroughly comes up to 
the “boil/' and in no caso should it be stopped in the first 12 
hours except for a minute or so, Beyond keeping the current 
constant from beginning to end the other readings during the 
middle stages of charge need probably be only taken every 1 or 2 
hours about. 

Tabulate your results as follows— 

(hums. 

Kase . . . Oats . .» 

Nana of Coll . . . Tyja . . . NornuJ rated cAjiadLf . . , Amp.-liont* . . 
Ydjfbtofplata: PoUlvo- ...lb*.: NeyAiite* Vaiwi‘l» .. .Urn.: Aud- ,,, Ibo, 

TblaknM»orpl*t*i: Poaltitc* .». Negation* , ,« 

Total lorfooa of Positive « ,.. wj. ft, j Plata Tolrune ^.. , Aril Yulrnii*=c , ,, Ration <,, 


Number at 

An pare* 

Terminal 

Uma 

8 r>. er. of 

nil 

»>» 

Inrut 

Cfauga. 

J. 

P.D, CP)Vo3ta. 

la Hour*. 

A fid. 

Amp.-I 

[war*. 

Watt-liQun. 









(8) Take note of the period of -rwi (if any) which the cell lias 
had since the last charge, note tbe open circuit P.D. at its 
terminals and the sp. gr. Then put S to (b) and close £, at a 
noted instant of time, quickly adjusting A to tbe normal dis¬ 
charge value for tho cell, which must be kept constant by R, 
Note the P.D. on V and tbe sp. gr., and the time frequently white 
they aro varying somewhat rapidly, but less often as they vary 
more slowly. 

Open S i every half-hour, say for the shortest time necessary to 
just take the “ open circuit ” volts, noting the time at each. 

(7) Continue tbe discharge until the terminal voltage falls to 
T80, then open S x and tabulate your results as follows— 





BiBCTRicAL imurssnufa mmso ei 


Dtsciuuca 


Finite? 

of • 
rilk'iarj* 

Time 

In 

Honr» 

\r 

Add. 


TtnulMlVoltl 


Output C#[*city. 

lOcteu?. 

Ail If*. 

<3 Mod 
circuit 
/. 

Ol«i 
ci milt 
& 

Rabun oe 
b. 

Amp.- 

bonrs. 

Walt- 

hoars. 

Amy.* 

bonr, 

F»tt- 

twrtr. 

■ 
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($) Repeat testa 4-7 until tho charge and discharge curves 
practically coincide, indicating that the cull has attained a good 
normal working state, and Uko note of the length of rests 
between charge and discharge. 

(9) Take u discharge, as pev G mwl 7, for 50% tutdtr- and also 
“ over "-normal rate, 

(10) At tho conclusion of all the tests carefully observe 
whether any appreciable “ buckling" or disintegration of the 
plates hag occurred. 

(11) Calculate tho capacity of the cell in both amp.-hours and 
Watt-hours per Ui. of totnl plntea and per lb. of coll complete 
with acid. Also calculate the current density used per *q. ft. of 
+ plate, reckoning both sides of each. 

(12) Plot the following curves, all like ones being on one 
sheet— 

(а) Internal resistance in ohms as ordinates and times in 
hours during discharge as abaci wk. 

(б) Time in hours as abscissa?, with voltogo and Bp. gr. as 
ordinates in each case for both charge and discharge. 

(c) Currant density as abscise and amp.-boors output as 
ordinates. 

(d) Current in amps, as abscissa and the quantity and energy 
efficiency as ordinates. 

(34) Measurement of Resistance by the 
“Post Office” Pattern of the Wheat¬ 
stone Bridge. 

Introduction —It is assumed that the first principles cf a 
Wheatstone Bridge (W.B.) liave already been studied from an 
Ordinary text-book, Tho Post Office (P.0,) pattern, Fig. S3 II., is 
pierely a specially-arranged and compact form of W.B. placed in 




82 ELECTRICAL EmiNEERMO TESTING 


a suitable box {or portables purposes. If the principle anil action 
of a W.B. is nndorstood at all, and the stamping opposite tiia 
various terminals in t!io P.O. form observed, it ought to be im¬ 
possible to couple op incorrectly. Etch of the “ proportional 1 
arms' 1 r 9 and r t consists of three resistance coils of 10, 100, and 

1000 ohms each respectively, licncc the ratio ~ or — can be mods 

._ r 4 r l 

yC- a very simple miinbar. QIWT 

f q, » P r, (Fig. 33 IT.) is tho“ adjustable 

Lin—;- 1 L arm” v.„ ami it consists of 16 

*, • Id W 1 ( , 

(q J s |- \ j r/“ _I different coils and one lofiuity 

iplug either at Q, R y or 8, The 
/I °Village of can be mode any- 
K, K a thing from 1 to 11,110 ohms. 

II. Opposite two of tlio terminal? 

(A r ami T) is marked {CJulva- 
*1 uometer Line) and (Liue Copper 

0r ^ ,r ^) Tins is 

® because tha P.O. form is primar- 

ily intended for measuring the 
/ ,/H. / I metallic and insulation reaist- 

>1^ J auce of telegraph lino*, and 

? . _ ^ facncc in the first caso that lino 

K i g .would lie joined to N and T t 

I, nml in the second rasa only one 

y w ss cml to the other being free 

and insulated, I* thou being put 
to earth. As therefore we are measuring metallic resistance 
(f*) it is put between N and T. The terminal* to wliich the 
battery B must be connected are equally obvious. The white 
dotted linos on the top show where the under contact* of the 


key* K x and K 2 are joinod to, inside the box. In any form 
of W.lh variation of the baLtcry E.S1.F. or its resistance or 
' „ that of the galvanometer (G) lias no effect on the accuracy of 
. the measurement. Tim sensitiveness of the toct, though princi¬ 
pally depending on tliat of G, can bo increased within limit* 


by using a larger E.M-F. and making r v r v f, and r 4 qa nearly 
equal as possible, TU buttery key ;T 2 mi at alwayt U prtssed 
btfort tha galvanometer key K x to allow the current* in the £ 
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arm* to become steady before pressing K v Tlio battery key 
ebouid be pressed for no longer in order to prerent the coils 
beyig heated by the cuivont and their resistance thereby ultored, 
*/( sAotBd also be Woken Inst to avoid the risk of damaging G by 
inductive kicks when measuring inductive resistances. In 
inserting plugs press t» lightly and give about % of n turn to 
insure good electrical contact. Reverse this operation when 
removing them. The ends of all connecting wires should l>o 
scraped clean. 

Apparatus.—P.O. bridge; sensitive galvanometer (7 (p. E71); 
3 or 3 Leclanchd cells It. 

Observations.—(1) Connect up ns indicated in Fig. 33 II., and 
adjust the galvanometer needle to zero. 

(2) Note once for nil the direction in whiali G doflects when 
Ifj) Fig. 33 II. is too large to givo balance (done by taking out 
" Inf ” in r z with, say, r s - r 4 = 10). 

Hots.—Until balance is nearly obtained, ouly tap h\ for a 
fraction of a second. 

(3) Moke rjvr.aH) and bnTnaco tho bridgo by nlteriug r, so 
as to get no deflection on pressing A', raid then A',. If it is 
impassible to got exact balance, note the steady deflection when 
r„ is just too large ami too small, and calculate the correct 
intermediate resistance to give balance, by proportion. Tims 
if d 4 = steady deflection of tho galvanometer to one side of zero 
for the adjustable nrm=Af 1t and if. = that to the other side of zero 
for the adjustable ann = A'., then if Aj is greater than £ t wo 
have (A’, - 11 j ohms corresponding to a deflection of (d L +<f J ) 
scale divisions, 


and 


d. z corresponds to 'A, - IK) ~ ^ olnns. 


lienee the resistance of tile arm, which would give just no 
deflection (the required condition) 


-Jfj + fVtf,) oh ms ^r,. 

(4) la order to obtain the truo resiaUnco (v : ) of the unknown 
which ig being measured, without the process of interpolation 
mentioned in the latter part of 3 above, the value of r t or r 4 may 


be varied. Thus instead of — brings jj or 1 as in 3 above, we 
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. might have W»« * rifra. depending on the 

value of tilt unknown r,. In many cases this will bo equivalent 
to having decimals or an ohm in the adjustable arm (r,). .Hence. 

r • , • 

Increase or decrease the ratio of — and adjust r, so that on prjsa. 
r s 

ing ff, and thon A’, no deflection whatever occurs on the galvano¬ 
meter. Then note the values r T i ' 3 and 
N.B.—If the unknown resistance r, is greater than 11,110 
ohms, thon r 4 will be greater than r JP hut if (r,) is leas than 
11,110 ohms, then r 4 may be either -, or less tdian x t Tabulate 
as follows— 


Jtoalitaca) 
totted, j 

1 

PropOr Until Amu. | 



I 

* 1 

1 '♦ 


: 

■ 


■ 

■ 


Hot#.—The limits of the P.O. Bridgo are ( T { x 1) = 0'01 ohm 
and a 11,110) = 1,111,000 ohms, bat measurements beoome 
leas accurate as they approach there limits. 


{35) Measurement of-the Armature Resist¬ 
ance of Dynamos and Motors, and of 
the Copper Resistance of Transformers 
and Electric Light Cables. (Potential 
Difference Method.) 

Introduction.—The Wheatstone Bridge is inapplicable for 
measuring very low resistances, and oven if such wore just 
within its range, the measurement would not be accurate owing 
to errors introduced by the variable contact resistances ip the 
circuit. The following method, which depends directly on the 
. definition of resistance, can bo used to accurately measure very 
. low resistance*, such us are mot with in large electric light 
cable*, the armatures of dynamos and motora, and the low tension 
coils of transformers. 

The P.D. at the terminals of each resistance can be measured 
relatively by a sensitive galvanometer, whose resistance is lant 
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compared with that between the two points to which it is applied. 
Under these conditions its insertion will not lower the P.D. to 
»be%naa£ured. If it is a reflecting instrument the scale deflections 
will be proportional to the P.D, 

The most suitable instrument for a workshop tost, which as a 
rule does not admit of the use of a delicate galvanometor, is a low 
reading voltmeter, having fairly largo resistance, and reading to 
about 1 or 1‘5 volts for a full scale deflection. Such an instru¬ 
ment, although not nearly ns sensitive to small differences of 
potential as the galvanometor, has the advantage usually of 
being more portable, and also less easily affected by magnetic 
fields in tho vicinity. 

Apparatus. —Known standard low resistance II of about O'Ol 
obm (Fig. 273); low resistance r 
to bo tested; Pobl’s commu¬ 
tator C( p. B84); secondary cell 
B ; rheostat Ilk (p. 697); fairly 
high resistance galvanometer 
(p. E69) or low reading volt¬ 
meter G, preferably of the 
moving coil type; reversing 
key K (p. 685) ; switch S. 

Note.—The ends II and E of 
tlio lew resistance (r) to be 
tested will of course bo the 
terminals of the transformer 
coil, the ends of tho cable or 
the brushes of the machine, tho field coils being disconnected - 
temporarily. Tho length of lead between D and II in the Fig. 
is immaterial. 

Observations.—(1) Connect up as indicated in Pig. 31, and 
adjust the galvanometer or voltmeter needle to zero. Clean the 
collecting arrangement at the part where the brushes press with 
fine emery cloth, assuming, for example, we are dealing with a 
dynamo or motor. To prevent the armature rotating, see that 
tlio fitld. circuit switch is open, and that tho brushes press on 
opposite ends of a diameter in the case of a direct current 
commutator. 

(2) "With Sh full in, close S, and adjust the current to give 
about Quarter-scale deflection with the largest resistance of the 
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two, for then the deflection with the other is bound to be on the 
scale; then note tbo galvanometer deflection on each aide of zero 
by turning K i when G is across each resistance in turn. m * . 

N.B.—TJm resistance Ith ehonld be suflicientlyliigh to prevent 
the current strength altering during anyone pur of observations, 
and to provBnb this current being strong enough to sensibly 
warm the resistances. The more sensitive the galvanometer the 
smaller tills will bo. After taking- deflections with the second 
resistance, it is advisable to rofcuko those with tbo first in case 
the current h;ts altered If tlicy are not tbo same, tako the mean 
of those on the respective sides of zero. For very occurulo work 
a rnvoraing key should bo used with B to oliminato any tbermo 
current effects. 

(3) Itepeaj % fur half, tlirec-quartur, ami full scale deflections, 
and calculate the unknown resistance r from the formula— * 
K tJ’= t/u”f d r 

Tabulate as fallows— 


Kami . * . Dat* . , , 

Jaw R^Hlstatic* kllcd ... SiAtod«*t lowRo«iJ>LiiK , a.s . . (J)inis 


Deflection acrw £. 

Deflection atrouf r. 

iwio, 

Ji 

Unknown, 

1* 0]lUll»/TCC 

Right. 

Left. 

M«*an 

ifa 

U'jjbl* 

Left. 

Aleut 

4, 




_ 





Inference! —t¥mv tho formula given in 3, ;inJ stale any 
assumptions made in deducing it. Wlmt sources of error is tho 
metbod liable to i Hon' can they ho minimized 1 

(36) Measurement of Low Resistances by 
Voltmeter and Ammeter Method. 

Introduction.- Tim following method, applicable to the 
measurement of the low resistance!! met with in the armatures 
of dynamos, motors, transformer coils anti electric cables, is one 
of the simplest and a direct application of Ohm's law. It is not 
usually susceptible of tho accuracy obtainablo by tho last 
method {Teat No. 33) and depends on the accuracy of the 
ammeter and voltmeter need, and on that of observation. 
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ST 

Apparatus.—Low resistance (r) to bo tested; accurate 
ammeter (A) and low reading voltmotor (F), both preferably of 
lire moving coil typo; switch S\ variable current rheostat (A*), 
the form of which will ilcpcud on tho currant supply (A 7 ) 
available, If K comprises two «r three large secondary celU, 
then II may bo a carbon rheostat (p. B97) t but i^ K should bo a 
IDO volt Bupply, then R may bo a bank of lamps (p. 508), 
Observations,—■(!) If, os is indicated, an armature resistance 
is to be measured, connect up as indicated in l ,7 ig. 35. Adjust 
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tho pointers of A and V to zero, and soo that tho fell circuit 
of the machine w kf/>i open throughout the whole test by keeping 
the field switch open or otherwise. 

(2) With V connected to Hid terminals TT of tho machine, as 
actually shown, and with (If) full in, close *S’ and take simul¬ 
taneous ascending and descending readings on V and A for some 
five or nix currants on A, differing in strength by about equal 
amounts between 0 and full-load armature current by suitably 
varying R—the ft nurture leinrj ai reel till the time. 

Jfote.-—This measurement will give the Static “ brush contact M 
resistance + resistances of armature and both bruiili leads BT. 

(3) Repeat (2) with the armature rotating {hi/ ha tut) while 
taking readings. 

(4) lie pout (2) with tho armature at rest, hut with the ends 
of the voltmeter wires disconnected from TT and carefully 
inserted under tho brushes II II, ho as to press agniuat the proper 
commutator segments, the straight ends of tho wires so inserted 
being parallel to tho length of segment. Tabulate all your 
results as follows— 


Noise . . Pat* . . , 

Nlturtmnrl Rjilmj nf Iaw n**m|*nci» trrftrf . . . 


V connected to 

Actual 

fe«litt«nre [ Axbj^ A 

brine te4ri j 

VoTh r 

R^bivtwire (])-■’ 

ilreji 

UmIa Lance 

-- r— 

I 



— -■ 
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(5) Plot, to th» unw wes, curves 1 laving values of V M 
ordinate^ »nd [A) as absdssio for tests 3, 3 uud 4. 

Ittfareacei.—Wliat can bo deduced from tbo curves and 
values of (r) obtained t ”, 


(37) Measurement of the Armature Resist¬ 
ance of Machines and other Low Resist¬ 
ances by simple Potentiometer Method. 

Introduction. -—Since by Ohm's Law V s= where V b= Lhe 
P,D, across the ends of a resistance It carrying a current /, it 
follows that when the same current / flows through two 
’resistances, the P.D. (F) Across each ia a to that reshtanca. 
Tho previous test (No. 35) urns based on this fact, but sinca 
actual defied ions (x to the P.D.s) had to bo eoinjmrod, the 
accuracy depended to sonic extent on the current-deflection law 
of the instrument used, uud on the instrument having a high 
resistance relatively to those measured. The present tost, based 
on tho Clark-PoggcndorfT method of comparing two E.M.F.s, 
and unliito tho dtflestion method No, 35, is a mtU or zero 
method or one in which no deflation is the condition to be 
obtained, Hence Urn law of the instrument is immaterial, and 
an increase in its sensibility increases the accuracy of the test. 
Since also in this method the K.M.F.s to be compared arc in 
turn placed in aeries with the instrument, the contact resistances 
of the connection to these E.M.F.s, ns also the; resistance of the 
connections, are immaterial; hence the greater accuracy with 
such a null method. Test No. 33 employs precisely tho same 
principle as, but is a greater elaboration of, and a little more 
accurate than, tho present method, in which wc shall use a single 
or multiple metre bridge having a stretched undamaged yira 
of high resistance material, of vni/orm cross sectional area and 
‘size, and which will not sag due to heating by the current 
from one secondary coll connected direct to its extremities 
Thus the E.M.F.s to be compared can be balanced againBt the 
uniform fall of potential along the wire due to a constant 
current flowing through it, and the ratio of the lengths so 
balanced will be that of the £\M.F,s across them, 

\ 
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Apparatus -Armature A to bo tested; known standard low 
resistance 11 ; Bwitch S; variable rheostat r •, secondary coUa 
% B ^and E ; Pohl’a commutator or change over key C; metro 
bridg© PQ with sliding contact key; sensitive galvanometer (?. 

Observations.—(1} Connect up as shown in Fig, 36 and 
adjust G to about zero. Ensure tlio 
connections being such tlmt when C is 
turned bo as to includo tbo fall of 
potential of either U or A in the circuit 
of G y each P.D, opposes that along PQ 
due to E, 

(2) With r full in, close S, and 
adjust r so that with (! turned to the 
larger of the two resistances, a posi¬ 
tion, say, La ©ms. from P t is obtnin<xl 
at which thorn ia no defection on 17, 

(3) Now quickly turn Cto li finding 
some position L& cms. from P at which Q docs not deflect j naxfc, 
again verify whether the point La still gives balance. If 
slightly different tako the mean of the new position and that in 
ols. 2. 

(4) Obtain several pairs of positions such as L A and L R by 
altering (r) and tabulate as follows— 



Nk’Jt , ., P AT* .., 

Njitum of unknown ReilituM . , . 

Voloc of itaowii )UhL«larco it ~ 0‘iroi. (Jiil* So. . . . 


Win* xv ooft- 

Unknown 
Ri'UtMct 
mWktiroi, 
llOt m Col J. 

Diabnm or Slidrr from ? 

llnkuaiii 

iknCftaoe 

n,jLx 1 

Krin Tthn 

of k A ohnu. 

t«eUdto 
«htch joint* 
of -f 


i. a 

' 1 






Infisrenow.—On what dues the accuracy of the test depend, 
sad haw can it be made more sensitive f 
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(38) Measurement of Metallic or Conductor 
Resistance by the Silvertown Portable'' 
Testing Set 

Introduction.^TJ 10 method used in measuring the resistance 
of the conductor of the circuit under examination is that of 
W hoots to no ] B Bridge. 

rig. 37 below 6howa only those parts of tho instrument which 
are employed in this test, aod omits the parts and their connec¬ 
tions which relato only to insulation testing. The parts employed 
aro the following— 

1, The adjustable resistance. This it will be soon consists of 
two sets of 9 ooils, each connected to circular plug commutator? 
or dials. One set of coils luis nine vesistonros of ton ohms each, 
making ninety ohms in all, tho other has nine resistances of one 
ohm each, making nine ohms in all. If tbo helo marked with 
Any number, say 5, is plugged in the ten-ohm dial, a resistance 
of fifty ohms is inserted between tho connecting leads entering 
And leading away from the dial; and a similar rule applies to 
the one-ohm dial. Hence if tho hole 6 bo plugged in the tone 
dial and tho hole 8 he plugged in the units dial,a total resistance 
is inserted in the two in series of 08 ohms. The lowest resist¬ 
ance that can bo obtained is given when both tho D holes are 
plugged, when the coil resistance inserted is zero. The highest 
resistance is obtained by plugging tho two 9 holes when the total 
resistance is DU ohm a If no plug is inserted in odo or both 
dials, the circuit is broken and the resistance is infinity, 

2, Tho second part of tho apparatus is the double sot of pro 
porfcioaal resistances, consisting of two coils of 10 dims ea'cu, two 
ol 100 ohms and two of 1000 ohms. Of these only one on each 
side of the centre is to be unplugged for any given test-, and a 
rule is given later on for selecting the resistances to be employed 
to obtain the greatest possible sensitiveness; that is to say, for 
selecting those coils which will give the largest deflection on the 
galvanometer, when the resistance plugged in the dials varies by 
a given error from bhnb of the circuit under test- 

3, The third part is the galvanometer. Its two terminals are 
connected to the two ends of the Wheatstone Bridge by depressing 
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the contact key. It will be noticed that tbo shunt coils, with 
their plug oommutator, ere omitted from the diagram. This 
k iaadeije because they are not essential to the test, though they 
may bo conveniently used when the balance of the bridge is not 
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yet approximately correct, and very large deflections are being 
obtained, 

4. The bAttrry may consist of three LecTanohd cells, having an 
electro-motive force of about 5 volte. One pole of the battery 
is connected in tbe usual way to the middlo of the Wheatstone 
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Bridge, and tho other to the point where the end of the adjustable 
dial coils ia connected to one of the terminals, to which the con¬ 
ductor under teat is attached. The connections are made &y 
inserting the plugs at llio end of the battery leads, in the two 
holes marked bbidgk, and immediately this is done tbo current 
ia established in tho coils; the galvanometer circuit is of course 
not completed till the key is depressed, 

5. The ouds of the conductor to be tested are to be eocured 
under tho two terminals marked biunoii tiiuiiium, and in 
measuring low resistances core must be taken that they are very 
securely attached. This may he dune for very largo or stranded 
conductors, either by soldering to their ends thin brass plates 
with holes in them of a suitable site to go under the heads of the 
terminals, or the connection may be made by means of finer wires 
soldered to tho end of tho main conductor. Tbo resistance of 
these must be independently ascertained and subtracted from the 
gross result. 

Providing an idea is first obtained ns to the magnitude of the 
resistance to be measured, the following table will be found 
helpful in expediting any test with the " set." 


Tins 111 . 


For RcaNt' 

bttufeii 

Valued of rrojsgrtilninl 
Arm^ 

No. of Signifi¬ 
cant llaurt* 
in lUiault 

CwtU-iy 

lWer. 

Dcta: ica. 

tan-lnnd 

Coil. 

ni/iii-iiand 

toll. 

lead 10 

w 

10 

2 

OnldlMllj 


10 inti iso 

100 

100 


PS 

An citr» •'gnifl- 

lOOaari 1000 

UN) 

](|00 



cut fljpua cun \>m 

lOOCutdiO.OOC 

10 

1000 


Ijicn&M 

obtained, cth-iiUUjd 

01 in* 1 

)i» 

10 


tJ 

l«y j rojKjrtJwi fhwn 

0*1 uid 1 

lOnO 

10 



Ilia d id Sc 1 kirn. 

0‘61 And 01 

Hu*) 

10 

i 




A thud figure can always be found in measuring resiutargms 
between one ohm and 1000 ohms, by observing the deflections of 
the galvanometer needles on bath sides of the zero for different 
adjustments of tho dial resistances near the balancing point, 
For example, we will suppose that tlic 10-ohin coil in tho right- 
hand side of the bridge, and the 100-ohm coil on the left-hand 
tide are unplugged, and that when 45 ohms are plugged in the 
dials, and the key depressed, a throw of three divisions of the 
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galvanometer needle is observed to the right; nnd when 46 
ohm* are plugged we get a throw of two divisions to tha left on 
th| galvanometer scale. It ie clear that the resistance to be 
' measufod lies between 4'5 nnd 4 6, and is nearer to 4'6 than 
4B, os two is less than throe; that is, the resistance is 458 
ohms. As a further oxiunplo, suppose 100 ohms to be nn- 
plugged on each side of tho bridge, and 82 ohms to he plugged 
in the dials; on depressing the key, no deflection of the needls 
is observed. On flogging 81 ohms in the dials, a throw of six 
divisions to the right is obtained, and on plugging 83 ohms we 
get tho anme defloetion to the left. We are then amply justified 
in putting the third figure in the result ns 0, and tho resistance 
to be measured is 82'0 oluns. 

Except in testing at tho extrema range of tho instrument, t. s. 
(gnontities Iobs tlian one ohm or greater thnn 1000 ohms, the 
galvanometer will be found amply sensitive, nnd it is better to 
place the south end of the controlling magnet uppermost, there¬ 
by reducing the time of the oscillations of tho galvanometer 
needle. 

The battery should bo in circuit as short a time na possible 
to avoid running down the colls, and it is welt to tuko out one 
of the battery lord pings when any alternations are being made 
in the ping commutators, only replacing it just before pressing 
the galvanometer koy. 

Observations.—(1) Connect up as indicated in fig. 37, using 
the “set” precisely as there indicatod. The box should bo 
plaoed on a table, or some other approximately level surface in 
front of the operator, he facing the magnetic cast, and the con¬ 
trolling magnet boing in a vertical position. The pointer of 
the galvanometer will then be found to be swinging near its 
sero, and may be brought exactly to it by slightly turning the 
controlling magnet. 

(2) Find roughly the resistance to be measured by unplugging 
ten in each of the proportional arms, and then adjusting the 
dial resistance 80 a* to give a minimum deflection on pressing 
tile key, the dial readings will roughly be the value of Ibe 
unknown. 

(3) Now proceed to balaneo according to the foregoing table 
and remarks, and tabulate os follows— 
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Na*¥ . .. Datji % . . 

R«btancB , . , Teoijmatvre « • ♦ 

of Conductor- , .. Qup. . . , 


Proportions! Ami. 

Adjust- 

■Wo 

diul« 

r* 

OClIoCtJoM to tlrt 


bnlcnovn 

ItMlitMlM 

--’V.+fk 

ril 

Left 

** 

»|>* 

T 

wltJl 

rj- 

ijptt 

Wltik 

rj"- 

IWstoncp , luu 
lo tntoikHi JT7 
r, | ^ ±r ‘ 






_ 


1 

! 


N.B.—-The resistance (r), needed to oractly balance, is 
calculated thus—Assuming r a ' to be gi-eater than r then 
(r 9 * -r a /r ) ohms corresponds to a deflection of (dx+dj scale 
divisions, Qiul d t corresponds to a resistance of 

ol>m9 " r ’ 

. •. the correct dirJ reaistmeo reqiiiisito to giro no deflection 
*• r a + r = r, + (rj - rfy otms. 

{39) Comparison of Resistances. (Crompton 
Potentiometer Method.) 

Introduction.—This method is a valuable one for comparing 
two or more resistances of almost any value, within reasonable 
limits, and consequently of determining the actual resistance in 
ohms of one of thorn, the other being an accurately known 
Standard, such as one of tlio forms described on p. G05, which 
ore some of the ucresworios of the potentiometer. The metliod, 
which is very simple and susceptible of groat accuracy, is more 
particularly applicable to low resistances such as short lengths 
of electric light cables and the armatures of dynanxr, etc., 
rather than multiples of the ohm, ami it can be worked in such 
a way that tlio unknown resistance can bo read off by inspection 
directly in ohms. Thus it will be seen that the present measure* 
moot is a practical development of that known as * Measurement 
of .Low Re&iatance by the Fall of Potential Method," given on 
p. 04, and is a direct application of Oiira’e Law. The principle 
of it consists in comparing the relative falls of potential down 
the two resistances traversed by the tam current through the 
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medium of the potentiometer, employing the principle of the 
fllfti-k'Poggendorff method for comparing two or moro ELM.F.s. 
The Crompton potentiometer is a specially arranged form of 
‘comparing instrument, and the operator should, prior lo com¬ 
mencing the test, make himself Acquainted with tho instrument, 
a detailed description of which is given on p. 510, together with 
the method of using it The accuracy of %bo results is principally 
dependent on the standard known resistance, and the value of 
the largest current sent through this and the unknown must be 
such that the fall of potential down either does not exceed 1*5 
volts, and that neither is warmed up by that current sufficiently 
to alter their resistances. 

The observations may ho taken in one of two ways— 

(a) Suppose the potentiometer Juia boon n sot 11 by tho Clark 
•oil in the imual way (p. 514) for RM.P. or current measure¬ 
ments, and that the standard resistance i? a ~0'01 ohm. Then 
to avoid disturbing the “ setting," balance each fall of potential 
down tho two resistances, against that down the potentiometer, 
and compare the two P.D.s from tbo relation—- < 

YixVM-nt'.n* 

Examplo.— Lot the standard balance with E on stud I and C 
at 90 on the ccalo, the PJX across R s is 1000 + 90 «: T095 volta. 
Jf now the unknown balauccs with E on stud 2 and C at 190 
on the ecale, tho P.lk across it =: 2000 +190 = *2190 volte, 

,-ffjt” —ij>—rT"rti>r x0'01**0 - 02 ohms. 

Vi r ‘1090 

(i8) Suppose the potoutiomoter has not keen u nct” by the 
Clark coll. Balance np on tbo standard resistance instead* 
Thus put K to stud 1 and C at 0 on tho Beale, and alter O and 
Gj os described ou p, 514, so as to “ balance the potentiometer” 
for no 'deflection. Now with Q and G 1 fixed, balance -with the 
unknown resistance, which position of balance will give the 
resistance A* in ohms directly. In. the present instance this 
would be 2? on 2, or 7?^ —2 x‘01 —0‘02. 

Apparatus.—Crompton potentiometer P (Fig. 208) \ secondary 
battery B capable of easily giving the largest current suitable 
foreending through the low resistances; switch S ; one secondary 
cell (A) for the “ working cell" of the potentiometer; accurately 
known low resistance R (p. 606); unknown low resistance r to be 
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tested; standard Clift cell E\ carbon. rheostat (rj) (p. S97); 
sensitive aperiodic D’Ai'sonval or moving coll galvanometer (y) 
(P- 669). 

Observations.—(1) As a precaution first plnlfa the levers of A 
0 and E (Eig. 208) on studs H, and tlmt of U on etud I t then 
connect up as in Fig, 38, in which only the row of terminals 
on tha potentiometer PP la shown symbolically. 

(2) Adjust the galvanometer (y) and current indicator A to aero ■ 
(roughly), levelling them if uccessory, A Loing merely for the 



purpose of indicating roughly about what current flows in r and 
It. See that the standard resistance It chosen is of such-ft value 
as to hs about the same as the estimated value of the unknown r. 

Hot*.—The maximum current then to be used must not produce 
a fall of potential in either N or r exceeding 1 -5 volts. 

(3) “Set the potentiometer 11 os indicated in either «, hr 
balance on the standard resistance as in jS above, the contact 
lever 11 referred to above being on studs IV or III respectively, 
as the ease may be, thus inserting E or the P.D. across R in the 
circuit of (y), and taking care that it opposes tho P.D» dae to (6). 
Now dose S, and adjust (ri) so os to obtain some convenient 
current on A. N.B. This last-named operation is done before 
balancing /' by method j8. 
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(4) With the positions of the resistance* 0 and G l (Fig. 207, 
p. 510) as found in 3, unaltered, turn H to studs II or III, 
according to the " setting” employed, »o ns to throw into circuit 

* with (J) the P.D. across one or other of these terminals. Then 
adjust S and the slider C to obtain no dedoction on (p) when the 
latter is pressed, and note tlio reading of each. • 

Fete.—If it iB impossible to “ balance" owing to the spot of 
light being dciloctcd always to one side, the P.D. down the 
resistance is assisting instead of opposing (as it should be) the 
fall due to (5) in the stretched wire; the wiles from resistance 
to potentiometer are then to bo interchanged. lastly, turn Jl 
again to the sotting used in obs. 3 to see if balance is still 
obtained. If it is not, re set P and repeat. 

(5) Repeat 4 with II on the studs leading to the other 
Sneistanoe, if "sottiog a" is the ono being used. 

(6) Repeat 3-5, obtaining some six or eight distinct sets of 
readings by suitably altering the current through R and r, and 
tabulate your reeults ss follows— 


Qwk Cell :5a... Tempcnittuo- ... “O- 5.M.P. warard* . . . Yoltfc 

Fotcntlnaetar setting; B on . , . (Tit . . . Glandud known retdttuice 5*... OfaFii. 


Ammeter 
rending for 
nfarebM only 


Unknown 
resistance j 
T- £ ohm*. 

V * 1 

1 

Mean 

r ohm*. 

| £ Id circuit. | 

I riacbcntt j 

fit ud 
of a. 

Wtr 
! & 

p.n. 

r*. 

atd<j 
of £ 

Slider 

c. 

P.D, I 

F r 



1 








Inferences. —On what does the acemaoy oE the feat depend 1 


(40) Measurement of Low Resistance by 
the Nalder Low Resistance Measurer. 

This method has the advantage of boing a null or zero one, 
and entails the use of a specially arranged piece of apparatus or 
“measurer/ together with a secondary cell capable of giving a 
current of 5 amps and a variable rheostat to adjust this current. 

The genoral arrangement (Fig. 214} and method of uso is 
given on p, 621, and will not bo repeated here. 









0S 


ELECTRICAL ENGINEERING TESTING 


Insulation Resistance, 

t 

Introduction.—Probably wo shall not bo straying vdry far 
from the truth whoa we remark that Inavlation Reaittana is one 
of the moat im|>ortaot matters that an electrical engineer has to 
ileal with. In foot, to obvious is this that the statement hardly 
needs qualifying; suffice it to say that a breakdown of the insu¬ 
lation resistance—whether of street main, appliance fod from it, 
or of an ordinary oleotrical installation supplied off it* will either 
cause a temporary or prolonged stoppage of the supply owing to 
the mere " blowing” of a protecting fuse or out-out, or, if tha 
circuit is over-fused, in the burning out of part of the circuit and 
possibly tho firing of promises in which the breakdown occurs. 

It is therefore of tho utmost importance to be able to tent the 
insulation resistance of a length of cable, main, or circuit, either 
when no current is flowing through it or when the Supply is in 
actual progress and the main or circuit * alive,” as it is usually 
termed, 

A number of different methods have been devised and are in 
general use for measuring the insulation resistance of both "dead ” 
and “five” cables and systoms, and in the following pages devoted 
to this question some of the principal and common ones in use 
will be considered. Before, howover, proceeding with actual 
methods of measurement it may bo profitable to make some 
general remarks. 

Electrical cables and wires are in the first place tested for their 
insulating qualities by tho manufacturer prior to being sent out 
to the purchaser, but the latter should test them also himself, 
both le/ort and nfter laying, to make sure that no faults have 
developed, and of course periodically during use. Such a mode 
of procedure is of the utmost importance if efficient working and 
maintenance is to be obtained, for it is quite possible for a cable 
to be accidentally damaged during laying and a subsequent fault 
to develop at this point, due to the strain of working conditions, 
which will finally break down the cable. 
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(41) Measurement of the Insulation Resist- 
. • ance of Electric Light Cables by the 
Direct Deflection Method. 

Introduction.—The ordinary Post Office form of Wheatstone 
Bridge will measure resistances up to 1*111 megohms, though 
even at ibis maximum limit the mpaguremonts arc not very 
accurate, owing to the resistances of the arms of the bridge being 
ao widely different from one another; consequently it zb unsuit* 
able for measuring insulation resistance, which almost invariably 
amounts to much higher values, often of the order of hundreds of 
megohms. The present method of direct df/UoUon$, which is also 
teamed the “simple substitution” method, is the most accurate 
ft such cases and often the most convenient one to employ. The 
principle of it consists in compiling the deflection of a galvano¬ 
meter needle caused by a given KM.if, through a known standard 
high resistance in Beries with tho galvanometer, with tbo deflec¬ 
tion produced by the same E.M.F. working through the insulation 
of the cable to be tested substituted for the standard resistance. 

Preparation of Cable for Test.—This must bo carefully done 
and is of the utmost importance if the truo insulation resistance 
of the dielectric is to be found, as the difference between the 
results obtained with properly and improperly prepared ends is 
very great. The method of doing this should he us follows— , 

(а) For vulcanized india-rubber cab lea, the braiding, tapes, or 
other covering should be removed for at least aix inches from 
encli end down to the surface of rubber covering, core being 
taken in doing this not to cut or otherwise injure the rubber 
covering still loft. 

(б) Wash this rubber flurfooe with naphtha and scrape with a 
clean knife to remove any foreign material still left on tho surface, 
and in this way so get a clean, fresh surface. 

(e) Taper the rubber with a clean sharp knife for about l" to 
2" from the end, and then carefully dry the wholo of tho prepared 
end over a spirit flame without burning tAs rubber. 

(d) Paint or coat the whole of the prepared end with three or 
four coatings, one after another, of clean paraffin war, melted to 
ft temperature not exceeding that of boiling water. This can be 
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done by placing the oan of ni inside one of boiling water, 
whereas, if the wax is melted oyer a flame, it may be allowed to 
bnrn, and its insulating properties partially destroyed. As each 
coating of wax will hare sot before another An be got on, the 
whole cable end will be eventually scaled by a considerable thick¬ 
ness of the wale, which being muoh less hygroscopic than rubber, 
will not allow moisture to accumnlate and so impair the prepared 
end. In lien of wax the prepared end may be lapped with pure 
clean warm rubber tape well stretched, hut this is not so good as 
the wax finishing. 



Flo. SO. 


A better and much more expeditious way of elimiuating errors 
due to surface leakage over the ends of a oahle which is being 
tested for insulation resistance, than that just described of care¬ 
fully tapering the ends and coating them with paraffin wax, Is to 
employ an ingenious device known as Price's guard utirt. This, 
when properly applied, gives complete protection from errors due 
to end leakage in the direct defection method, where the oahle 
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endears close to the galvanometer, and, consequently, the connect* 
icg wire between cable cere and galvanometer ie air insulated. 

In the case of other methods, such as the loti qf charge test, 
extra precautions are necessary to avoid error* (vide P/ui Mag. 
vol. xlix. pp. 313-7, April 1300), 

If the cable ends are close to the gat variometer then Price's 
guard-wire device in its simplest form is shown in Fig. 3D (/), T ifl 
a lead-lined tank of water in which the cable C to bo tested, for 
insulation resistance, is immersed. The ends of C are preparod 
with a long clean taper (t) from the core If, bo as to give a tong 
dam surface of insulation exposed to leakage A thin copper 
guard-wire (*) in wound two or three times round the tapered 
part rather nearer the outer braiding than the core IT and con¬ 
nected as shown to the galvanometer G and high voltage battery 



B. If now the resistances of the taper surface if) ore largo 
compared with that of G they will all be at the same potential, 
and we shall have no loakage, bat if any leakage exists (w) will 
tend to keep up the potential of IT, the doflection of the galvano¬ 
meter G being now reduced in the ratio • where a and i 

represent tbe conductivities of G and t respectively. Consoqnon tty 


the oorreot result will bo 


o + i 


x deflection. 


It will, however, be evident that in some casee the cable ends 
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cannot be brought up dose enough to tho galvanometer in order 
to have in mV insulated wiro connecting G and IF, 

The simplest and best way of getting over this difficulty is thli r 
suggested by Prof. Ayrton and Mr. T. Mather and represented in 
Fig. 39 (77). Tbs inner conductor (it) of a concentric wiro (K) is 
used to connbct IF and G, the outer (ot>) connecting (») with 
junction of G and B as beforo. Now if oo has a high insulation 
resistance compared with tbo internal resistance of the testing 
battery B, complete protection is afforded against surface leakago, 
even though KK is lying on the ground. 

Apparatus.—Sensitive high resistance Thomson astatic re- 
fleeting galvanometer G with its box of shunts 1 S; known 
standard high resistance R ; unknown insulation resistance 
(r) of cable to be tested; well insulated battery B of either 
Loclancbt or secondary cells capable of giving an K.M.F. of frodi 
100 to 500 volts; two-way highly insulated spring tapping key K 
(p. 686); suitable lend-liocd water-tank IF. If tho "lend'’ or 
cable to be tested is small enough, it may be run direct from the 
key K into the water-tank IF (clear of everything) and coiled 
up under water, the fret end being carefully lept dry and left 
standing upright, about 12" out of the water, as indicated at D. 

The tank should contain ordinary cold tap-water at a tempera¬ 
ture of about 70" F., and the cable to be tested should be allowed 
to soak in this for 24 hours before the test, with its end trained 
up in mid-air above the water so too 12" or so. 

If the cable is too large to bo taken up to G, a short well-insulated 
G.P. covered wire must be tied on to it at C, and the joint insu¬ 
lated as at D. In all insulation tests at least tho working pres¬ 
sure which the cable is to be subject to should be used to test 
it with. 

The known standard high resistance may preferably oonsist of 
a metal megohm, but in lien of this costly piece of apparatus, a 
carbon megohm, checked against a metal 100,000 ohm ooil occa¬ 
sionally, will do quite well, and costs only a few pounds. It 
must, however, bo home in mind that such a resistance slowly 
alters its value with time and temperature, so that the temperature 
should be noted each time it is cheeked by the present method. 

Vote.—To avoid damaging the galvanometer, which is a very 

1 Or the Ayrton and Esther Universe Shunt-box. 
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delicate one, the simnt-box provided with it must always be used 
in the way indicated below. 

Juts.—(1) FKt'fA (As leicr m«AjA or ehmi circuit bar rtf S down, 
thus short circuiting tlio galvanometer terminals, and also with 
the shunt-plug in the S j 5 hole, connect S up to G fret, and then 
the nit of the circuit as indicated in Fig. 40, and'odjuat tbo spot 
of light to zero by means of the controlling magnot. 

(2) .Remove the short circuit in S, and, with the shunt 
plugged up, gently tap h' for a fraction of a second so as to complete 
circuit through the standard known resistance R ; if the deflection 
is inappreciable, release K to plug up the fa shunt, and again 
tap as before, and so on until a convenient steady deflection i t is 
obtained. Note this and the shunt S t in use at the time (if 
any). 

* N.B .—ThekeyKmvtl always he released before altering the ehwntS. 

(3) Boo that the short circuit lover of S is down so as to slant 
circuit the galvanometer terminals, and that the 5 J T eiiunt is 
in. Now close K through tho insulation resistance, and after 
about half-a-minute open tho short circuit switch. 

Note.—If this method of proceeduro is not followed a sudden 
ballistic rush of current may ensuo through (?, just at first, from 
tlie high battery K.M.F., into the cable, owing to this latter acting 
as a capacity, i e. condenser, and thus damngo the galvanometer. 
At the ond of one minute note tho steady deflection d„ and with 
the key A’ still closed, again at the end of every minute up to 
between five or ten, Bay, 

If without the wire connecting K and IK there is leakage from 
battery and galvanometer which gives a deflection d„. Then 
(d P +d^) or (rf, - d rl ) must be used instead of rf r simply, according 
as to .whothac d H is opposite Or in tlic same direction as d r 
respectively. 

(4) Repeat 3 and S for about 3 or 4 pairs of deflections if 
possible in different parts of the scale, with H and r, by altering 
S, and calculate the insulation resistance (r) from the formohi * 
lelow, and tabulate os follows— 
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(5) Plot a curve between time of electrification in minutes ag 
abscissa and corresponding deflections as ordinates. 

Fote.—If S- J {my), then or ( 1+ ^) = 10 ' 

Inference^.'— frove tlio formula mentioned in 4, i t.: 

4"( u £m-4( u im 

and state what assumptions are made in deducing it. 

Should it be found impossible to heap the deflection on the scale 
with the standard known resistance in circuit and the rJ-jfch shunt 
in, using the full battery E.M.F., then employ only a known 
fraction of this total E.M.F. (as measured by an electrostatic 
voltmeter) when taking a deflection d, with the atondard, whence 

Y 

in the above formula we must use — xd„ instead of <f, simply 

where V — full E.M.F. and v that used to obtain <?* In testing 
start lengths of highly insulatod cable at the least sn E.M.F. of 
300 or 400 volts should be used. 

Referring to the ton I-mimito readings of deflection in ob¬ 
servation 3 above, the deflection will fall rapidly at first and 
then more slowly. This is not due to incroaso in the insulation 
resistance, as it might appear to bo, but to dieloctric absorption 
in the cable through tilts acting as a condenser. 

This particular test is a good one for developing a fault which 
would pass observation iu a tost of 1 minute's electrification, in 
which case there would oitber be an irregular—or no—crawling 
of the deflection in the 10 minutes. 

Insulation resistance is usually specified in megohms per mile 
at 70* F. after 34 hours’ immersion and 1 minute’s electrification 
at gome definite voltage. 




ELECTRICAL ENGINEERING TESTING 106 


It ii necessary to record the temperature at the time of the 
t@jt,aa the insulation resistance decreases aa temperature increases. 
7> Conductor of CMr. To Ettrfi w StrnMi n; 



Pro. (1. 


(42) Measurement of Insulation Resistance 
by the Silvertown Portable Testing Set. 

This is a measurement of the electrical resistance of the insulat¬ 
ing material of a cable to the passage of a current from the inside 
conductor through the insulation to the lead sheathing, wet yarn, 
armour. Or other outside conducting surface, and the inrerae of 
the insulation resistance is generally termed the leakage. 
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This measure n^nt is effected by a method known as that of 
direct deflections. It consists in passing a current from a battery 
through a galvanometer into a conductor of a cable whose farther, 
end is free and disconnected, thence through the insulating 
material to the outside coating or earth, and so back along a 
temporary conductor to the other end of tbo battery, the deflection 
of the galvanometer needle produced by this current being noted, 
displacing that part of the circuit which was formed by the insu¬ 
lating material of the cable by a standard resistance of known 
value, wa obtain a new deflection of the galvanometer needle. 

The diagram Fig. 41 shows only thoso parts of the apparatus • 
and their connections that ore used in Ibis measurement; those 
which relate only to tbo measurement of conductor resistances 
being omitted. 

The arrangement, it will be seen, ia as followsOne pole 
the battery—the battery of Leclancbi cells giving an E.hO, 
of about 100—200 volts is normally employed—is connected by a 
conductor, ending in an ebonite-headed plug, to tho lower of the 
two plug-boles marked OMUL* Thence the current paasoa along a 
connecting wire to the block marked snesrs, and thenoo through 
the galvanometer to the apper block on the oilier side. Vfc may 
observe in passing that these two main blocks, one on each side, 
are practically the terminals of tbo galvanometer. If a shunt is 
plugged, }th, -;,jtli, or ^ ,,th only of the current posses through 
tbo galvanometer, tbo remainder finding its way through the 
corresponding shunt coil. 

From tbo upper block on the left-hand side the current may 
take two paths, according as tho hole markod tram. 1, or that 
marked 60,000 ohms is plugged; if neither is plugged, the circuit 
is broken, and no current can pass. This plug forms consequently 
a convenient make and break key. If the hole marked rueUL 1, is 
plugged, the current passes to the terminal marked INsun*', so 
through tire insulating covering of the cabin to the outside 
sheathing or earth, hack to the terminal marked eauth and the 
plug hole marked E y and then along the lead to the other pole of 
the battery. If, however, the hole marked 50,000 ohms he 
plugged, the curront will pass through the coil of 50,000 ohms, 
then along a connecting wire to the plug-hole K , and eo back to 
the battery. 
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Tn beginning this test the conductor of the cable, or insulated 
wire, or ft temporary lead attached to it, is connected to the 
I tormina] of tho instrument marked insul* , and Another lead, con¬ 
nected to the outside sheathing of the cable, or the wet roil in 
which it lies, is attached to the terminal marked EARTH, care 
being taken that these folds are separated, and* tfot no circuit 
exists between them except through the insulation of tho cable. 

It will be observed that when all tho holes in the straight 
commutator near tho front of the box aiw plugged, the key 
ojj the left-hand side, which is used iu tlio bridge teat as a galva¬ 
nometer make and break key, becomes for tho insulation test a 
short circuit key, and is useful for checking quickly the oscilla* 
tions of the needle. 

N.B.— Although the maximum voltage of the testing battery 
Usually employed with this testing set is only 100 volts, tho set 
can be used with a tcbting voltage of 200 volts, as required by 
the Board of Trade regulations. In tills case, instead of using tho 
multiplying power of 20 ns described above, the multiplying 
power of 100 thould bo UKcdin taking the constant—tho deflection 
tlms obtained will be the name ab that which would bo given by 
the unsbnntcd galvanometer through a total resistance of five 
megohms, and the calculation of tho resistance to bo measured 
would then bo made in exactly tho same manner as described above, 
except that five megohms will be substituted for one megohm. 

In making this tost tho following points may be called 
attention to— 

(1) Too much care cannot be taken in preparing the ends of 
tho cable. Since wo or© moo soring a very 6mall current of 
electricity pawing fi^om tho conductor to tho outside sheathing, 
through the msulutod covering, it is clear that our results will be 
entirely misleading if any current bo allowed to pass over a dirty 
surface at the enda where the conductor is exposed. Theso ends 
should be looked to before testing, and in thoenso of india-rubber 
or othor firm material, tho eoction of the insulator should bo 
pored all over with a sharp and perfectly clean knife. For 
methods of preparing the ends see pp. 99—100. 

(2) Care should be taken not to short circuit the battery, which 
may easily occur in two ways. One is by allowing the two battery 
plugs to touch one another, when the other ends of the 3 oadfl ora 
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attached to the battery terminals; and another is by allowing the 
lead attached to the earth terminal to touch that attached to the 
insulation terminal t 

In both cases the lottery of small cells will be for a tinfe much 
overworked, and jn the second the needle may become bent or 
demagnetized * 

(S) Another point that may bo noticed is that in deducing the 
insulation resistance per statute mile from a test on any given 
length, the result obtained from a test on the latter is to be 
multiplied by the length of the piece in miles, and not divided 
by it 

For example, if the insulation of a cable three miles long bo 
15 megohms, the insulation per mile will bo 15 x 3 or 45 meg¬ 
ohms ; or again, if tho insulation of a pioco of cable, whoso 
length is 350 yards, he 7520 megohms, the insulation per statute 
mile wifi be -**° *P*P megohms = 1495 megohms, 

If the galvanometer deflections are proportional to the currents 
producing them, and the E.M.F. employed is constant through¬ 
out the wholo test, then we have curront oc deflection cc 

r-7—, —-r-T-i or if Rr = insulation resistance tested and 

total resistance > 4 

dj ^deflection through it, and if JR S ** standard known resistance 
and d s « deflection through it, then 

whence Tij Rs megohms, 

Jiff «; dj 

where R& - the standard resistance io megohms. 

If, however, the galvanometer is shunted with, Bay, a } shunt, 
for example (with tho insulation), so that only £ of tbo main 
current goes through it, then, since without the shunt the 
deflection would be five timos as groat, we have 

Rj - 1?$ megohms. 

odj 

Thus, for example, suppose tliat a given battery produces on 
the needle of a galvanometer placed in series with the insulation 
of a cable in the manner described, a deflection of 10‘3 divisions, 
and that on substituting a resistance of one megohm for the 
insulation we get 42 divisions, we find that the insulation resist¬ 
ance is megohms approximately. 

Again, for example, suppose that the current from the battery 
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when passed through a constant resistance of 60,000 ohms gavo 
a deflection of 42 divisions on a galvanometer shunted to IQ, and 
, thst when passed til rough the cable insolation it gave 23 divisions 
with tfie galvanometer shunted to tha insulation resistance 
would be 5 j 7 i megohms «= ‘37 megohms approximately. 

In c&blo testing the battery employed should jh all cases give 
an K.M.F. at least ^ the working voltage under which the cable 
works. The tcrmiual marked Easti! on the right of the galvano¬ 
meter must be connected to earth (tie, nearest gas or water-pipe) 
or to tho water of the tank if the cable is being tested in 
’ euch. 

Tests.—(1) Connect up precisely (is in Fig. 41, and adjust the 
galvanometer needle to zero. 

(2) Now take the “constant" of the galvanometer by plugging 
\ho 60,000 ohm hole and tho ^ shunt and note tho steady 
deflection dg. This is the same deflection as that which would 
bo obtained with the same E.M.F. through (50,000 x 20) — 
1,000,000 ohms, or 1 megohm for no thnnl at all. 

(3) Plug op hnlo marked jx»ul*. instead of that in 2, and 
adjust the shouts (if necessary at all) to obtain a steady deflection 
dj , preferably as nearly—to dg as possible. 

(4) Calculate tho insolation resistance from one or other of the 
preceding formula, and note for reference merely the E.M.F. 
used in tho test. 

N B.—If the cable has boon soaking in a water-tank note the 
time of immersion and tlie temperature of tha water. Also the 
number of yards immersed. 


Insulation Resistance of Electric Light 
Street Mains and House Installations. 

Introduction. —Mains. —Seeing tho extreme importance of 
maintaining continuously, and without any intermission of any 
kind, tho supply of electrical energy from a centra] station when 
once commenced, it should bo tfiie oodeavour of any engineer 
to obtain and lay ths best possible class of cables in the most 
efficient, thorough, and lasting manner in his power. The item 
of mains in tho eapply of electrical energy is a ?ery serious one 
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at the best, and usually amounts to something like from l to 5 
of the coat of the whole undertaking. 

Notwithstanding this, however, the boat possible main oq!y 
should lie laid if the system is to he a lasting one, free from 
perpetual won-y to the enginoor, of cahlos breaking down and 
the consequent' temporary discontinuity of tbo supply. The 
insulation, jointing, and laying should he the host it is possible 
to obtain, for oven in localizing a fault tho accuracy of the teat 
will greatly depond on the goodness of the joints. 

There are roughly speaking three teats, which should be carried 
out on any new cahlo or main, namely— 

(n) The insulation nnd copper resistances of'each cable drum as 
soon as it arrives from the manufacturers. This can only to 
done satisfactorily under a pressure of at least doable that which 
the cable will work at in practice, and with the whole cabio 
drum wholly immersed in water at about 70“ F., tho ends being 
carefully kept dry, trained out of the water and prepared in the 
manner described on p. 99. Eelialtlo results cannot ho obtained 
from a well-wetted drum, only from one wholly immersed for 24 
hours. 

The insulation resistance should be obtained by tho “ direct 
deflection" method after ono minute's electrification (i. a applica¬ 
tion of tho battery), and again at tho cud of every succeeding 
minute for some ten minutes. 

The first reading will give, or should give, at least, the speciGod 
insulation resistance of the maker. 

The second and subsequent readings are extremely useful in 
showing tho existence of undeveloped fault.** in the cable insula¬ 
tion, which would in tho usual courso of events pass tho specifica¬ 
tion in the onominuto test unnoticed. Should the insulation be 
faulty, the galvanometer deflection will hardly fall at all after 
the first minute’s elect* ificalion, or may fall in irregular jumps. 
The resistance of tho copper core should be taken and noted down, 
as well os the length of tho cable on tho drum. 

( 6 ) The insulation end copper resistances during laying both 
before and after joiuting in tlTe following manner:—-A careful 
tost should be made on the first section of the line, one end of 
which we will assume is in the station when laid, but before any 
joint is made, and with both ends carefully prepared (see p. 99). 
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If satisfactory, it will show that no damage lias been done to it 
in the laying operation, 

%he second section is then kid and carefully but temporarily 
fa conncHcd to tbo first section by a piece of load. These two 
adjacent ends and the far end of section 2 are carefully prepared 
and the two sections tested. If tbo insulation Resistance per 
mito 1 is up to specification, section 2 is all right and can bo 
now jointed to 1 and tho test rcpcatpd. If not tlio same as 
before the fir**t joint is defective and should be re made. Now 
lay section 3 and again test as bofoi-G, mid so on ; tlma, finally, 
the whole lino will havo been tested section by section as tlio 
laying proceeded, and, lastly, as a whole. In this way ft record of 
all the tests will be to hand at any future date, while any damage 
done in laying, or nny badly-made joint, will bo at onco detoctod 
by full in the insulation resistance per mile, and a rise in tlio 
copper resistance per mile. 

(c) Daily tests (while working or otherwise), the precise 
method of performing which will depend on whether the main is 
a high or low tension one. 

A fault occuiTing should at once bn localized and remedied. If 
on ft “feeder ” it can easily bo found, but if on a distributing 
main, sectioning off may be nccoft&ry to IociiHko it. 

Tho apparatus requisite for these tests is the same as that 
enumerated on p. 101, and with which tho testing-room of 
every station should bo provided, in addition to other iaBtru- 
rnonts. 

The minimum insulation resistance for low tension cables at 
100 volts is about 300 megohms per mile after 24 hours’ immer¬ 
sion and one minute’s electrification. In high tension cables at 
2000 volts it is about 4000 megohms \ kji* mile under similar 
conditions. 

Ordinary Installations.—Many of the preceding remarks 
apply hero. For examplo, it fa much more economical in the 
long run to wire a building with highebtfs insulated wires and 
leads as also with good fittings having fairly high insulation. 

' The insulation resistance per mile = measured (total) resistance x the 
length in. mike tested. This arises from the fact that the leakage current 
through two miles is twice that through, one mile, assuming, of course, that no 
appreciable fault exists anywhere along the length of cable. 
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The last-named condition to be aimed at is an important one 
when we fconsider that ovary lamp switched on brings ono or 
more fittings, such as a lamp-holder, ent-ont,.,switch, coiling 
rose, etc., into active use, thereby adding eo many additional 
parallel potto of surfaco leakage through which currant can leak 
away to earth. This in other words means a diminution in the 
total insulation resistance of the whole installation, and which is 
considerably aggravated hy damp weather, dust and dirt, etc. 
With respect to loakago of current, the rulo given by the 
Institution of Electrical Engineers is that the total leakage 
should not exceed r jjjth part of tho total working current. 
Numbers of different rules and regulation^ are given by the 
various Fire Insurance and Supply Companies. As an example 
of the latter wo may cite tho rules of tho Edinburgh Corporation 
for installations tested at 115 volts with minimum insulation 
resistance. 


Tantx IV. 


For 12 lamps 5 3 megohms, 

.. 25 „ 5 5 „ 

„ so „ is „ 

,, *5 ,, 1-25 „ 

100 „ 10 „ 


For ISO lamas 0-75 mogoluus. 
„ 200 „ 0-5 „ 


„ 250 „ 0 3 
„ 800 „ 0-2 


tt 

>1 


The tubs of tho Leeds Corporation for 200 volt circuits are 
some 20% less tlian the above in the minimum insulation 
reaLstiinco fur the same mimhor of lamps in tho respective casoa. 

Ordinary insulation resistance tost3 for installations must be 
taken with —all fuses ** in," all lamps rtmoutd from their holders 
and all switches M «i," with at l«oM the working pressure for 
which the installation is intended, bub preferably double this. It 
ia then Advisable to make three tests as follows— 

(a) of the Insulation resistance between +*• leads and earth, 

t > >J » »l ” ** It M 

(c) „ „ „ „ „ + ” and leads. 

The value in each case should not he leas tlinn that specified 
above Or thereabouts lor the particular number of lamps installed. 

Usually the insulation resistance for alternating current 
circuits has to bo greater than for direct currants, and in some 
regulations these are as 1: 2. 

The importance of testing at or even abovo the working 
pressure will bo seen from tho following figures by F. Uppers- 
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born of Berlin, which show in a marked degree the way in 
which the so-called insulation resistance varies with different 
.voltages. 

Tabus Y. 


Hailstone# botvrotfl * 

Terminals of ilato ant -0 cl. 

Tito Uisted cotton core red wlrti. 

5 CS 

10 ta 

M'l « 

EM « 

VatU. UfflcJtau, 

l J»l 

10 )«H 

10-0 Ifc* 

£1-3 321 


This drop in the ‘reading of insulation resistance as tho volts 
Increase will generally bn found to occur with, and is duo to, 
moisture in or on tho insulation under tc?t. Tho increase of 
voltage may either bitak the insulation down, or the current* 
duo to the voltage, nmy partially dry tho moisture out and 
the reading gradually rise with the timo of application. 

Furtlicr, in measuring insulation resistance, sudden variations 
will sometimes bo observed, especially will such ba noticeable in 
direct reading testing sets. This is invariably duo to metallic 
or other conducting particle?* on the surface (or, very rarely, 
buried in the insulation) promoting surface leakage, and the 
rapid fluctuations aro duo to intermittent sparking between such 
porticloa. Thus a direct reading testing set discriminates 
between low.insulation duo to damp, that duo to due 1 * amt that 
due to conducting particles, or whothcr the insulation is 
disintegrating under electric stress. 

(43) Insulation Resistance of Electric Light 
Installations, Cables and Machinery by 
Evershed’s Direct Reading Portable 
Testing Sets. 

Introduction.—While then* aro uuvoral portable Insulation 
testing sets on tho market of both the direct and indirect 
reading types, we shall here consider tho time-honoured form due 
to Mr. Sydney Everahed, which indicates the instantaneous 
insulation undor high pressure by tho direct deflection of a 
pointer on a scale. Thus the teats con bo safely entrusted to 
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anyone possessing practically no technical skill who can raako a 
report, and so enable defective work to bo discovered before 
eovniwj in. - 

The Evershed typo is made by Messrs. Ever.died and Vignolas, 
Ltd,, in two forms, namely— 

(I) The “ Mryfjtr" IntuUUiun Ta'inq Set, which is the most 
modern development of the early form of Evershed ohmmeter 
and generator. 

(!) The “ Bri'Iye-Megger" Ttttiiig Sfl, which combines the 
functions of the first-named “Megger" sot with those of a 
Wheatstone Bridge. 

Both sets consist of an ohm meter of the moving coil typo 
combined ir one box with a hand-driven generator for providing 
the necessary testing pressure and current. When the handle 
of the generator is not being turned, the pointer is entirely free 
and will rest anywhere on the scale. 

The internal construction und arrangement of the nhmmctcr 
portion in both sots is the same, except for some minor additional 
details in the caso of the Bridge-Megger set, which will be 
indicated later on. 

We will therefore consider the use, firstly, of typo (1) above, 
namely— 

The " Megger" Insulation Testing Set.—Tho generator 
portion of this particular set may 1x> either of tho vanuhle 
pretture or cl)>ut<tnt prmm* kind. Unless the elect ml otic 
ettpaciiy of the work to be tested exceeds one microfarad or so, 
a variable pressure instrument is suitable, which is the caso for 
testing wiring, switch gear, dynamos and motors, arc lamps, 
instruments and accessorius. Megger insulation testing sets 
being obmmetcrs, their readings uro independent of the applied 
pressure, if, however, the insulation under test has a large 
electrostatic capacity, tho reading may become unsteady, due to 
the capacity current, caused by the variable pressure flowing 
through the eurrent roil only; but even on large capacity, onoe 
tho circuit is charged, the capacity current coasos and tho 
reading becomes perfectly steady. 

For work likely to have a capacity exceeding one microfarad 
or so, such ns tho wiring in inetal conduits, lead-covered cable, 
underground mains and a modem system of house-wiring in 
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metal conduit) which lias often a considerable capacity, the 
constetn^pressure typo of set should always bo used. 

§ Ihc typo of testing set now being considered is intended 
primarily for the measurement of insulation resistance, and is 
not available for metallic resistance tests. The low-rango 
variable pressure sets are mtulo in three ranges of 0-10, 0-20, 
and 0-100 megohms with 1U0, 250, and 500 volts respectively 
(at 100 revs. per min.), while the constant pressure low range 



To Line Terminal, 

To Guard TerotlruU. 

To £«rth TcnnlrMl. 


TANK CONTAINING 
CACLE 

UNDER WATEK. 


Fif». 42, 


sets are made in tlio Name three ranges together with a fourth 
for 0-200 megohms with 1000 volts. The high-mugn constant 
pressure set* am made in tlireo ranges of 2-1000, 4-2000 and 
j 4-bOOO megohms with 500, 1000 ami 1000 volls respectively. 
These last-named “M^ggor’ 1 Insulation Testing Sets an; provided 
with a gawd win terminal, and, as ox plained on page: 100, any 
error in tests of high insulation dun to leakage internally or 
across the surface of the insulation under test can lx; eliminated, 
ami lienee the readings of tbo art remain UiiftflccUd, by Lightly 
wrapping u so-called bam t/Nttrd wire round (Ho tuperail insulation 
between conductor and earth, and connecting it to the guard 
wire Iciimnal aa shown in Fig, 42. 


To Measure Insulation Resistance by the 
“Megger” Insulation Set. 

Observation!.—(1) For both low-range -variable and -constant 
pressure seta, jm well an for the high-rungo constant pressure 
set; ploco tlio instrument on a slowly base, but not on tbo 
bedplate of, or very cIoro to, a dynamo or motor, 

(2) Connect the terminal marked man to the insulated copper 
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core of the applianco under teat, and that raarkod sabth to a 
good enrth such as a water-pipe or eurthplute; or for testing 
between, say, two insulated wires, connect ono. wire ooro to .each 
terminal. Then— 

(3) Turn the handle in a clockwise direction at a speed of at 
least 100 revs, por min., at which— 

In variable-pressure sets, tho generator will bo giving its rated 
or normal voltage which can be increased by increase of speed, 
and— 

Inconstant-pressure sets, the clutch is felt to be slipping (for at 
any speed abovo that nroessary to give slipping, tho roltago will 
bo constant). Now read the insulation rcsistanoa as given by 
the defleet’on of the pointer on tho scale. 

(4) Iligii-rango constant pressure sets (in addition to obs. 
1- 3 above) must be levelled by means of tho spirit-level scfcn 
through the hole in the dial, and the I'ud&c must be adjusted to 
infinity before connections are marie to any of tire terminals, by 
relating tbe handle abovo tho clutch-slipping speed and turning 
the knob of tho index adjustor ono way or the other until the 
index stands exactly on tho mirk at infinity. 

Role.—In testing circuits of considerable electrostatic capacity 
it is essential to maintain full speed for at least a minute before 
taking tbe reading. Further, to eliminate errors due to surface 
leakage, a guard wire (see p. 100) must be uteri. 


To Measure Insulation Resistance by the 
“Bridge-Megger” Testing Set. 

Observations.—(1) Connect up, as in Fig. 13, and turn the 
chango-over switch to "Megger,” tho instrument boing on a 
steady bane and not very close to a dynamo or motor. 

Rote.— In all coses the LISE terminal must bo connected to 
the insulated conductor of tho circuit or appliance under test 
and the xairrn terminal to a good earth, such ns a water-pipe or 
eartbplate, or the equivalent. This with machine* may be the 
framework, with conduit wiring should be tho metal conduit 
itself, with lead-covered street main should be the lead sheathing, 
and for non sbeatlicd cable should be the wator in the 
immersion tank, etc. 
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(2) The handle is then rotated clockwise just above the speed 
at which the clutch is felt to slip. This occurs at about 100 
reva per min., while at any higher speed the voltage is constant 
end the insulation resistance is then read off by the deflection of 
the pointer on the scald. 

*8*T!0 * CH4NGC 



{44) To Measure Conductor Resistance by 
the “Bridge-Megger” Testing Set. 

Fur use in this measurement, the adjustable standard known 
resistance box, supplied with this set, is required. Then to 
measure— 

Ikiielanca muUr ICO ohms. —(1) Stand tlio instrument on a 
steady base end with all terminals free from any outside 
connections. Adjust the pointer to “infinity " on the sonic by 
turning the knob of the index adjuster one way or the otbor 
until tho pointer or indox stands exactly on tho infinity mark. 

(2) Connect up ns in Fig. 41, sot tho change-over switch to 
“Bridge," the ratio switch to 10 or to 100, and all the 
resistance box dials to zonx 

(3) Rotate the hsndlo alowly clockwise with the right hand, 
when the pointor will float off tho scale on tho side marked 
“ Increase R " above the lino marked O, simultaneously with the 
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loft hand raising the value of R by turning the resistance box 
Bwitches until the pointer exactly covers the lino G. 

(4) Now rotate at full speed to give maxiipum voltage «and 
hence sensibility, readjusting tho box resistance 77, if necessary, 
to keep the pointer on the line G. 

Then tho resistance tested = lliu value of 7i! -r 10, or by 100, 
whichever is in use. 


FSHI!JT*\1'B BOX 



ECSEfTA SCI V5SKH TEST 
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Re&itftanct* from 100 to 9099 ohm*. —(5) Operate tests 1-4 
above, except that in (2) tho ratio switch is now set to l 
instead of to 10 or 100 as above. Then tho resisLance in tho 
box required to balance the pointer exactly on the line (f i» now 
the value of that under test. 

Note.-—When measuring field coils of dynamos aud motel’s, 
or other metallic rrsmtaiMw of large self induction, the generator 
must bo driven above the speed at which tho clutch slqw to 
ensure the current being constant in tho arms of the bridge. 

lit si stances from 10,000 to 009,900 oAvtf {by ** Endgo ** 
W.tltod). —(6) Operate test (1) above. 

(7) Connect up as in Fig. 49, set the change over switch tc 
11 13ridge,” and the ratio swilili now to 10 or to lOQ. 

Note.—It will be observed that tho connections of the 
unknown resistance and box to the testing set in Fig. 45 am 
juat tho reverse to those of Fig, 41. 

(N) Ofjerato testa (3 and 4) above, remembering that tho 
directions “incrcaso R” and "dccreaso II" arc now also * 
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reversed, null that the unknown resistance now =• box reading to 
balance X 10 or 100, whichever ratio is in uso. 
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Fig. 45. 


liaittoiices from 10,000 oA«w awJ (by u M&jytr " 

This method is more rapid, but Joss accurate than the 
last, and is operated exactly os for Teat No. 13, p. 115, the con¬ 
nections being as in Fig. 4G. 
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(45) Measurement of the Insulation Resist¬ 
ance of a Complete Electric Light Instal¬ 
lation and plant while working. 

Introduction.—The insulation resistance of any system of dis¬ 
tribution of electrical energy when not tcorking can be determined 
by one of tho preceding methods. These are, however, inap¬ 
plicable to systems actually running, and consequently “alive ’* 
at the full working pressure. It is most important to make 
frequent, if not daily, teste of tho insulation resistance of any 
installation in order that a gradually developing fault, which 
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would cause tho insulation resistance of the wbolo system to 
gradually Ml, might bo discovered in time and remedied before 
it perhaps burnt itself out and filed the premises, , t 

Tho following method is a simple and convenient bne for 
making such a test On any system, whether that of a country 
• house, having its own 

3 4 ‘Af generating plant or the 

main distributing network 
J j) _ ff of a Inrgo town. The ar¬ 

rangement is shown in Fig, 
47, where + Jf and -if 
are the positive and nega¬ 
tive mains or wires of a 
two-wire system of direct 
current distribution. - 
Tho contact studs 1 and 2, 
of a two-way hoy K (p. OGG), 
are electrically connected 
(temporarily or otherwise) to 
any points a and b of those mains, which might he the + and 
- 'bus. bars on the switch-hoard. The common terminal of if is 
connected through a Fold’s commutator (p. 5Sl)or other reversing 
key P to ettTlh K (i. 8 . nearest gas- or water-pipe). By means 
of a voltmeter ( V) connected to P lias Its terminals inter¬ 
changed between K and E on moving P over so as to reverse. 
Thus a current flowing either from K to E or E to K can be 
made to give a deflection in the same direction on V by 
manipulating F. If this latter is used it can be converted 
into a reversing key by cross-connecting the four mercury 
cups, as shown by separate connectors indicated by the dottod 
lines; both K and P should have a good insulation resistance; Y 
should be a + and - instrument, preferably of the moving boil 
D’Arsonval typo. It may cither bo a voltmeter or ammeter, but 
we shall assume the former in the presont case. 

Observations.—(1) Connect up as shown and put K to stud I, 
P being such as will allow V to defloct ovor the scalo, Koto the 
reading Y l on the voltmeter. 

( 2 ) Fut K to 2 and reverso at F so as to still make V read on 
the scale, Note the reading 
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( 3 ) Calculate the insulation resistance of the wtiolo lighting 
system {including dynamos, battery, leads, out-outs, lamps, ote., 
etft) from the relation— 

where r, « tho resistance in ohms of tho voltmeter, and V «■ the 
working pressure at the time across + M and - il. 

The insulation resistance of the + main is 

■“* - V, 

and of tho - main is 

Since V r l and F, are to opposite sides of zero, or on tho same 
tide by roveming at P, they must bo added; r, should not be too 
large, but its value doponds on tho insulation resistance tested. 
If Ibis bo 100 ohms or so, r, might be of tho order of 1000 ohms. 
Since tho value ef R, At and A, in ordinary email installations is 
usually high, t. e, considerably over 1000 ohms, a voltmoter may 
bo used having a resistance (/,) of, say, 0000 to 10,000 ohms. 

Inferences.—Why is an electrostatic voltmeter unsuitable for 
use in tho above test 1 


(46) Measurement of the Insulation Resist¬ 
ance of Complete Electrical Installations 
and Distributing systems while working. 

Introduction.—The following mothod is one of the most 
accurate for measuring the insulation resistance of a system 
taken os a whole, hut it does not give any idea as to whioh main 
a fault may bo developing. It is really an application of MnnoeB' 
method for determining the rout-lance of a conductor containing 
on E.M.F., and entails the use of preferably an ordinary Post Office 
pattorn Wheatstone Bridge, with its detecting moving neodlo 
galvanometer G (p. 571) and an extra-resistance (r) far safety. 
Fig. 48 shows tho sketch of connections for tho test, whore -- At 
and — M are tho mains tho insulation resistance R of which it is 
desired to measure; E represents earth (t.«. the nearest gas- or 
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Water-pipe); FF are protecting fuses. The P.O. Bridge is repre- 
BDntect symbolically l>y the zigzag lines A, C, S, D, which indicate 
the rows of plugged resistance coils. , 

Observations.—(1) Connect up as shown, joining thrf bridge 
terminal D to some point (a) on tbo distributing system to be 



tested; r may be a few ohms or that offered by half a-dozon or 
mere glow hunps in parallel. 

(2) With the proportional arms c 1 and r 1 arranged so Hint 
r 1 : r 2 is as small as possible in order to obtain the adjustable 
arm r 8 large, close A", and then bring back the galvanometer 
deflection, thus produced, to zero by means of the controlling 
magnet. 

(3) Thon with A', closed alter r a so that on oponing and closing 
A'j no motion of tho galvanometer is observed. Then the insu¬ 


lation resistance of tho system as a wlu/h is 11 — — r s ohmB. 


Note.—This method can bo employed in the case of alternating 
current systems at work by placing a few cells of a battery in 
place of (r) and using a galvanometer that will not indicate 
alternating currents. The mode of procedure is then the same 
at before. 
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(47) Measurement of Insulation Resistance 
■ &nd detection of faulty Telegraph Insu¬ 
lators. 

Introduction.—It is of paramount importance flint all insulators 
intended for use on telegraph or telephone lines should bo tasted 
prior to their erection in the circuits. This will at once be 
evident when it is rnnemborinl that the insulators, supporting a 
line buying an “earth velum, w form so many parallel circuits 
between tho Hue And earth, and tbougli the rcsiatanco to leakage 
of current of each iiiMiiltitor may bs very great, yet their parallel 
insistence to tbo same may bo very considerably less, allowing a 
very appreciable current leakage to go on to earth continuously. 
* This, especially in lelephono circuits, is very troublesome, causing 
the lines to interfere with one another, and tanide* tins, speaking 
generally now, it gradually wastes away tho batteries of cells used 
in working tho lines. Again, tho insulation instance of a 
u lmc, ,J composed of all very good insulators except one, will be 
lowered by tho one single faulty cup to a value less than that of 
tho faulty insulator. 

llcnce tho importance of pro venting, by a suitable and tlmoly 
test, the installation of a bad insulator, which is generally found 
to deteriorate) rapidly with time. Insulators should be tested, 
preferably before tho bolts are inserted in them, and with an 
IS.M.tf. of from 100 to 300 volts after frcm 21 to 48 hours' 
immersion in n suitable maimer in water. The value of the 
results of such si test will depond, however, very greatly upon the 
exact method of preparing tho insulators and of applying the 
test, nod some precautions liave to bo attended to in order to 
obtain a result which is trustworthy aud /air to tho iutviuior 
ilttlf. Tho minimum insulation resistance which each insulator 
ought to possess depends on the length of the lino on which it is 
to bo used. In this country, during the worst web weather 
conditions, it has beoa found possible to maintain a minimum 
insulation resistance of J megohm per mile on air linos, which is 
therefore token us the minimum 4 maintenance standard. How 
the number of pules, and therefore insulators per mile of line, 
varies from 20 to 30 according to whether it is a branch or trunk 
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ling. Hence, allowing the latter number, each insulator should 
have a resistance of at least 6 megohms if tho line wore on]/ one' 
mile long, 60 if 10 miles long, and 600 if 100 miliia long, and to 
On, in the worst wet weather. As a matter of fact the resistance 
of a double shed or cup porcelain insulator, if a good one, may 
vary under testing conditions from li00,000 megohms to some¬ 
thing like 4,000,000 megohms. 

Apparatus.—Sliallow trough T lesd-linod inside, to which is 
attached the terminal ,Y making contact with tho lead; insulators 
to be tested I v etc., only these two boiug shown; battery 3 
capable of giving 100 to 300 volts E.M.F. and consisting of 
either Danielle, secondary or otbor convenient cells; vory sen¬ 
sitive high re:i.-far.co reflecting galvanometer (7 with* its shunts 
(<S); high insulation two-way key K (p. 586); high insulation 
test rod t connected to if by a wcll-insulalcd length of gutta¬ 
percha. covered wiro; standard megohm r. 

N.B,—In this and all otlier similar high resistance testa, the 
connections should be in mid air as much as possible, and all 
insulating material quite clean and free from dust and finger¬ 
marks. 

Assuming all the insulators to he perfectly clean on tho inside 
and outside of their sheds, there are two inodes of procedure, in 
each of which they are immersed in the trough T with the water 
up to within half-an-inch of tho lips of their outside walls, 
Thus— 

(а) Tho whole of tho insido of each insulator kept clean and 
dry, the resistance then from holt (5) to water being very 
approximately their intubation resistance under working line 
conditions. This is usually so high that the galvunometor is not 
sensitive enough to indicate the extremely small current passing 
unless the insulator Is actually deflective. If it is all right tho 
only way usually to obtain a deflection is to test from 100 to 200 
in parallel at one time. 

(б) The inside of tho shed or sheds carefully filled with water 
by means of a pipette to within half-inch of the lips, the resistance 
now from holt (ft) to outside water showing whether the insulator 
is faulty through the leakage B current passing through its sub¬ 
stance, assuming tho uaiimnereed lips to he (dean and dry. The 
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eiiow GOO megoliinB at least, preferably 2000, which is the minimum 
in gome telegraph service*. 





















ISO 


ELECTRICAL ENGINEERING TESTING 


In the following tout wo shall adopt tho latter mode of testing, 
»ince tho former is in most raises impracticable. 

Observations.—(1) Carefully clean tho porcoljiin or earthen¬ 
ware portion of each insulator, especially tho lips, with chum 
cold water. Then dry tho lips merely in a place free fiotn dust, 
and place thorn‘with thoir holts pointing upwards {Fig. 49) in the 
tank T, packing up the smaller ones so that all the lips are at 
about the same level, but not touching one another. 

(2) Now pour water into T to within iialf-inch of tho lips and 
into tlio cups, by means of a pipolto, to tho samo level. Then 
allow tho insulators to soak for about forty-eight hours {in a 
place free from dust), bo that the water will percolate or soak 
into any crocks or Haws in tho mass of the earthenware. 

(3) More testing, hold a hot iron close over the rims 
of each insulator for a short time to dry off any moisture, aw 
it iB necessary that TIiesb pacts suoulD be QUIT* tiny. For this 
reason avoid testing on a damp day, unless tho air of the room 
is dry. 

(4) Connect up as shown in Fig. 49. Test the insulation 
of the connections between f and i before each set of observa¬ 
tions. This will be satisfactory if G does not deflect wliou the 
connecting wire is supported in mid-air when < is held in the 
hand. 

{5) With the galvanometer at zero aod the 1 1, ft it shunt in, 
close K\, So os to bring r into circuit, and note the steady 
deflection (J), then close K 2 (opening K 1) and touch tho bolt of 
each insulator successively with l , noting the deflections D in 
each case if any. 

(6) Repeat 4 and 5 for tho jT l and no shunt if possible. 

(7) In tho case of tlio double-shed insulators, such as /, 
(Fig. 49), touch tho water between (he sheds with t, thus oh- 
twining the resistance of the outer shod. Nest connect metal, 
lically the water between tho sheds, and also that outside, and 
touch the holt with t, thus getting the resistance of the inner 
shed. 

(8) The approximate resistance of all those insulators which 
show an extremely high insulation can be obtained by parallel¬ 
ing them or joining their bolts together metallically, and then 
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taking n fowling (aa in 6), ft rat with tl*c 4-” of the battery to T, 
and second with the - " to 2\ the insulators being discharged 
in «be tween the two reversals. Cakulato the average of each 
insulator from the combined or pnraUol resistance 80 obtained. 

(9) Employ the formula given below, or its modification, and 
tabulate your results as follows— 


Name . . , Pate , , . 

rjAlffmonmlui Jtairt. G «... Olirue it,.. • C. lutein*! Hilbry lUiut. «... Olinu. 


r mutate* 
Wwi. 

After 

hour 1 * 
ImtiiBi non. 

Du-tnnre 

ftf Water 

from 

Tcll«'. 

of 

Kuoji 

1C M Y 
nidi. 

tfiunt 

& 

" Della 

lenuti |1 
4. 

tloll. 

udVhoth 

D. 

KnoMti 

MU* 

{’)■ 

Tuenln 

IlMIflt- 

»nre 

A. 






_ 






rf {’-( 1 + |-) + <?}= />{*(! + JL ) + e }. 

If s - i fo). «*» "w 0r (1 " 10 - 

It no slnint is usod S *■ k am! — =. 0. 

a 

(48) Measurement of the Insulation Resist¬ 
ance of Storage Batteries. 

Introduction,—In tbo erection of a storage battery, provision 
is mode for the efficient insulation of ovary coll composing the 
battery, from earth, by supporting each on suitable insulators, 
and keeping tbo cells from touching one another. Notwithstand¬ 
ing these precautionn, leakage of current, fi'Oin various causes, 
may go on in a greater or lege degrees. It may occur in different 
parts of the buttery, or in the leads running from the battery, 
and the resistance opting the leak may, and usually does, have 
different values at different parts of tho battery; in other words, 
the partial “ earths" at the various points are of uuequal resist¬ 
ance, which prevents tho insulation resistance being obtained by 
an ohm meter or other portable testing set. 

Tho difficulties thus met with are got over by employing tho 
present method duo to Mr. E. S. Jacob, and which At onco gives 
the joint resistance of oil the earths at wliatover points of the 
battery they may be located. 
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Apparatus.—Sensitive high resistance galvanometer O', ad¬ 
justable known resistance box (r); battery B l ... B t to be tested, 
there being any number of cells between thfr two and 
shown. Koy K of very good insulation (p. 586), battery stands, 
or equivalent earth E. 

N.U.—Earths or partial ones, i «. leaks, may be assumed to 



occur at points P 7^ ... r v etc., and r jEj.,, J? 9 to bo the re¬ 
spective resistance of such earths. 

Observations.—(1) Connect the key K, galvanometer G, and 
resistance box (r) to tho battery system at any point P, ns shown 
in Fig. 50, E being earth, i. e. the nearest gas- or water-pipe, and 
adjust the galvanometer noodle to zero. 

KotC.—Choose tho point P, »o that a conveniently largo defec¬ 
tion is obtained on C, for it will be found that tliore is a certain 
point of minimum potential from which it increases ou oiLhsr 
side os the contact is moved one way or the other. 

(2) With r~ 0, prose K and note the current C 0 and, for refer¬ 
ence only, the relative position of the point of contact P on the 
system. 
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(3) With everything tho same as in 2, adjust (r) an l hat on 
plowing K the now om-rout C r on (I ia about J C a . Koto tlie 
.rcsistaneo r and tliia deduction or current C r . 

f t) Kopeat 1 3 [or t'VO ov tliroc different values of r. 

(5) lto[ieat 1-4 for two or tlu'co different points of contact P. 
(ft) Calculate the insulation resistance of the whole lottery 
from the relation— 

j; = Cr(''±A;S<* 0 u«, 

t u c r 

and tubulate ns follows— 


Na»i¥ ... I>a rir.,. 

Di it Lory: Tji-c , , ♦ (Jug tan lug lio.x^a o( , , . Xu ofcol|« , , , 

OalvuiiolttuUT R«*MllillU!6 pa... I ill rut .. . *C. 


IMuLIm 

1 pos lion if P. 

Vulcio of 

1 oiling 

Ctrl wit 

Curirat 

<r 

Inaiiliition 
Iltftlil Hilt® 

H DJirm 







Inference*—Prove tlie relation given iu G, and state any 
iwumptioos mado in obtainiug it. On what does the accuracy of 
the test depend I 


(49) Insulation Resistance of Dynamos and 
Motors. 

Introduction, —Since the total amount of leakage from a system 
of electrical distribution depends on tlio number of appliances 
connected to tho system, which represent so many parallel pubs 
for leakage currents to take, it is of great importance to increase 
tho resistance in these paths, ami so diminish, as much os feasible, 
such cuvrouts. This, in other words, means that the insulation 
resistance of nil appliances on tho system should lie ns high os 
possible. Ilcnco it bocomes of importance to carefully measure 
the insulation resistance of motors .and dynamos, both in courso 
of manufacture and wlicn installed before running ia commenced. 

The Institution of Electrical Engineers recommends tliat the 
leakage current should not bo allowed to exceed port of 

tho maximum current in tho system at full load. As a general 
rule tho total insulation resistance of all tho insulatod parts of a 
dynamo or motor, joined together, from tbo frame of tlio machine, 

M. 
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t. e. earth, should be at least equal to that of the zest of the 
circuit which it has to run on, but preferably much greater. The 
present test is a simple and convenient one for obtainiug,tbe 
insulation resistance of, say, a dynamo, and is as follows— 

Observation*.—By means of a high resistance voltmoter of 
resistance A’„ ohms measure the P.D. V at the terminals of the 
machine when running at normal voltago not connected to any 
circuit. Also measure the P.D.s K, and P 2 between the + and 
— brushes and the franio of the dynamo. Then we shall 
have— 

Total insulation resistance of the machine 

(50) Localization of Faults in Electric 
Mains. (Murray’s Loop Method.) 

Introduction.—In the preceding pages, some of the best and 
most important methods of measuring the insulation resistance 
of electric mains have keen dealt with, but the localization of the 
position of any prominent and serious fault in Buch is a matter of 
equal, if not greater, importance. The insulation of the cable 
may or may not have brokeu down at the fault, hut obviously in 
either caee, since the opening up of the duct in which the cables 
are laid is often a serious matter in a busy thoroughfare, it is 
important to be able to localise the position of the fault to within 
a very few foot. 

There are two important methods or systems of localizing 
faults, each comprising modifications of the principles employed, 
viz.— 

(A) “ Loop " methods, (fl) “ Fall of Potential" method! 

The latter, though extremely simple, are lees easy of application 
than the former, and must be applied so as to suit the conditions 
of the particular fault. Loop me/Jtodt are much more generally 
applicable, and are preferable for the following reasons— 

(1) They are “ null ” or “ zero " methods. 

(2) They are easier to work. 

(3) The acouracy is not affected by variations of the fault 
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(i) Tie test is performed in the fiamo way for mains of any 
section end whatever the fault resistance. 

Tfe shall therefore restrict ourselves to onn of the best of 
these loop methods, but before taking it ia detail there are a few 
remarks which must bo made. 

Loop methods require a continuous circuit of main or cable 
from the place whore the testing instruments are, through the 
faulty portion and hack again, which is termed the loop. The 
two portions of ruble between fault And instruments should 
have good insulation resistance, but need not liuve the same 
, sectional mu throughout. Referring to Fig. 51, let MSN be a 
cable, the two cuds of which cannot be brought closer to tho 
terminals A and C of a Wheatstone Bridge than the points If 
and N respectively. 

• Let there be & fault At some point P between the core of the 
cable at P and the earth E, tho resistance to earth being much 
less than that At any other point This is called the fault resist¬ 
ance, and may bo ropresonlod by r. 

Tho fault might bo on the u outer ” of a concentric main, in 
which coao the u inner ” and “outer " con due lorn would be care¬ 
fully joined at tho further end S, so as to form a complete circuit 
or loop. 

In fact, in practice we should either be dealing with this case 
of a concentric main or with a fault on one of a pair of separata 
mains. 

In oither case the loop would bo formed by making the btat 
pottibU joint between the two ends furthest from the testing 
point, by disconnecting them from any teridinals to which they 
might be clomped. Now it is obvious tint the cable ends M and 
N cannot be clamped under tho terminals of the bridge, owing to 
their bizo and to them terminating in a position in which it would 
be impossible to b&vo tho testing apparatus. Smaller connections 
AM and GN must therefore be nBcd and also allowed for in working 
out tho results of observations, and this is done as follows— 

Let i>j Z> t -distances from M and Prospectively to the looping 
point, 

end dj distances from A to M un<l from C to N respectively, 
sectional urea of either conductor of tho main MSN,^ 

and ^“sectional area of the connections AM and OS 
respectively. 
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Then, since resistance is directly oc —we see that AM 

section 

has the jsaroo resistance as, or is equivalent to n length of theajaio, 
MSN ■=> —. <l k and CM to a length = — ,d,„ 

*1 i 

Hence the bridge will behave an if the resistance between C and P 
(which^resistance of CW+ resistance of NP) ww that - to a 

length of the main cable -Jh + - ><L. 

8 , - 

The whole length of circuit L between A and 0 is—' 

- *- L = D 1 + -• </| + —• d, + D^ 

The expression or value for 7, may very greatly ba simplified 
by making and also d : *= r^, which latter can easily be 

done, and by chommig single wii-03 for the connection* A H and ON 
of the same gauges as each wins of tlm strand forming the main 
MSN, Thus if tho main ww -J-J- in mr, uho for tiio 
connections. 

If tliis is done and n=-N°. of wires in the strand of either 
conductor of tho main, 

then Z-=2fl-f-2. « </- 2 (/> + «. d.) 

Tlie lengths of AM and CM, though should bo as short as 
possible, so that their resistance is not Large compared with that 
of the main cable. 

Apparatus.—‘Vast-office or other pattern Wheatstone Bridge; 
sensitive galvanometer G (p. 569); battery 11 of Lcclancbc cells; 
fuse F ; lesisUuf-e It', suitable connections AM and CN and 
main to be tested. 

Note,—A few eocondary or primary cells may form the 
hattoiy 11, uiul if the fault resistance r is anything iika 1000 
ohms, a buttery giving 100 volts might Lo used. The fuse F is 
to prevent tho bridge coils being fused up should r break down 
unexpectedly, and it can bo dispeu^od with if a primary battery 
is used. It is aa woll to earth tho battery, if not a primary one, 
through a resistance R of a few uhnn.» 

The more sensitivo G is, tbo greater tho accuracy of the Lest, 
'and quite a in ail wires may be used to connect G and B up, m 
their resistances do not affect the accuracy of the teat. 



ELECTRICAL ENGINEERING TESTING 


133 


Observations,—(1) Connect up ns shown in Fig. 51, am} adjust 
the galvanometer G nearly to zoro. Soe tlmt a very fine fuso 
ja inserted in F, if necessary at nil, and make fairly good earths 
at EE. Good soldered joints at M t N and tho looping point are 
practically indispensable, as well as good tig]it dean contacts at 
A and (7. Inattention to these points will vitiato t"he results. 

(2) Plug up r x - o and unplug j\>= 1000, with, say, the Infinity 
fhvj out in r y 



>m. 51. 


(3) Press first and thou tap for an instant, observing 
which way G dell rets for r 3 so great. 

If on insert) ug t( Inf." G do feet* the other way oil manipulating 
A’j and as before, then a balance can ho obtained by adjusting 
r :t so that G does not defloct on pressing K ] and then Note 
the vidua of r„, r 3 , If no balance can lw found, the fault P is 
very close to M or N when tho connections to A and G should 
be interchanged. 

(4) Jf tho balance appeal's to ho insensitive t*j = 1U0 or 10 may 
bq tried and (obs. 3) above repeated. 

(3) Gileuhto the equivalent distance of tho fault T from the 
tqrmiual C by mum* of the relation 


and tabulate your results in a convenient way, 


N.D.—Tlio distance of T from N thcreforu =s l — 

*s 

(G) Interchange tho connections to A and C and repeat oba. 
2-5, and if the result now given is close to tho previous one, take 

« 
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the mm pf the two am the correct one. If they differ oonsider- 
ably, the contacts are bad and must he improved. 

In this latter teat the distance of I' front A ie given by 


(51) Calibration of Speed Indicators. 

Introduction.—There axe many different forms of speed indi¬ 
cators or tachometers, as they are frequently termod, some of 
which var in accuracy with the timo for which they aro in nso. 
It thus becomes of importance to standardize such instruments 
at frequent intervals when accuracy is required. This call 
he done either by comparison with an accurately calibrated 
tachometer specially rcsorred for this purposo only, or by taking 
simultaneous readings on the instrument to be checked and 
time readings on a speed counter. This latter method, being 
the more generally applicable of Iho two, will be the one here 
considered. 

Apparatus.—Tachnmotoc to bn tested; speed- or revolution- 
counter; stop-watch if available, or in lieu of this an ordinary 
watch with a “ BocondR-hatid.” 

Observations.—(1) Arrange tho tachometer so that it am be 
driven by some machine at a variety of speeds, each of which 
may bo maintained constant for at least one minuto. This driving 
machine must have a turned centre in one end of its shaft into 
which can be pressed tho centro of the spindle of the revolution- 
counter. 

(2) Drive the tachometer at the lowest convenient speed 
readable on its scale, and take the dial readings (D,) of the revolu¬ 
tion-counter. When this speed is constant (as will bo observable 
by the instrument itself) ineort the counter in the end of the 
driving-shaft at a noted instant qf tuns, using a light pressure. 
Quickly take Die counter away, the instant one minute has elapsed, 
and note the readings (DJ of its dials. Then (D t —1> 1 ) = speed 
in revolutions per minute. 
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(3) Repeat 2 twioB or three times at the same speed, and 
record the mean. 

£4) Repeat 2 and 3 for seme eight or ten readings on the 
’ tachometer, rising by about equal increments to the maximum. ' 

(5) Chock some of the readings obtained in 2-4 by taking 

observations over two minutes. * 

(6) If tile tachometer is adjustable, alter it so that ita indica¬ 
tions give tlie correct speed in revolutions per minute. If nnad- 
just able, plot a calibration curve having vainee of true speed as 
ubscissrc aod tachometer roc dings as ordinates. 


(52) Measurement of Rotational Speed by 
the Stroboscopic Fork. 

Thin method has been in uso for measuring the apeetl of 
generation aml motors for many yean, See juipcru by Dr. 
C. V. Dryadalo — (l) on “Stroboscopy w ; rend at thu Optical 
Society, London, in 1005, and reprinted in Yh* Optician and 
J’ftvtogrtiphie Tmihut Review, Dec,8 and 15, 1005. (2) "Accurate 
Speed, Frequency, and Acceleration M easuroments," EUctriccd 
Re view, London, Sept. 7 and 11, 1000. Previous to that it 
had boon used by scientists, e.g. to measure the speed of a small 
driving motor to wiLhm 1( l (T of 1% in the Lorenz apparatus for 
determining the absolute value of the ohm, 

Tho stroboscope 
used comprises es- 
sentially^-(l) either 
a hand vibrated, or 
(preferably) an elec- 
tro-magnetic ally 
vibrated tuning fork 
fitted with two abutters, each containing a narrow Blit, and 
(2) a disooidul target of observation, 

The atrolxxscopio fork unmounted is indicated diagrammatic- 
ally in Fig. 52, and that used by Dr. Drysdalo consists of a steel 
tuning fork, the limbs LI of which aro approximately 12" long 
X si" wide X thick, and are supported by a toil-rod T 
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damped in a suitable frame or stand (not shown). To the 
extremities of LL are screwed two light and thin metal strips or 
flat ah utters i>\ ,% (1 [" X J*") in (ho plane of. vibration, each, 
containing a narmw slit R (long) parallel to tlio length of LL. 
These slits are exactly opposite to one another when the fork 
is at rest, so 'that in this condition the eyo can see through 
both slits. When hand vibrated the fork, while being held 
in the observer's hand, is excited into vibration nt intervals 
by mcclumical impulses derived from a light blow on the 
knee. 

When elcctre-niagnetioally operated, the “make and break" • 
principle used in tho electric trembling lx‘11 is adopted—an iron- 
cored coil C being mounted between LL on a support (not 
shown) adjustable, for convenience, ill a direction parallel 
to LL. 

This actuating coil C In energized from one or two dry colls 
through a “contact breaker,” formed by two platinum-tipped eon 
tacts—one on a fixed support, tho other on a very light flat 
spring fixed to one of the limlis L. Now when the fork is 
excited into free vibration, the line of vision through tho slits S 
is interrupted by the vibrating uliutleis except during a 
very brief interval, once in each half cycle, or twice in cadi 
complete cycle of the vibration, at tho moment when the slits W 
pats each oilier, moving rapidly in opposite directions, ]f, then, 
an object viewed through the slits & is rotating so that con¬ 
secutive images conveyed to the eye arc similar and symmetrical, 
that object will appear to the eye to bo continuous and statiunury, 
although actually rotating at a high speed. 

Further, a certain cyclic departure from absolute similarity 
and symmetry in the successive images seen by tho eye will 
mako the object appear as if it was rotating, If the ohject 
appears at a standstill when seen through S, its speed must he 
. constant, and must bear a simple proportion to tlrnt of tho 
vibration of tho fork. Therefore, since the rate of vibration of 
A tuning fork is always very constant at all times, and almost 
independent of change of temperature (varying only about 
0 01% per dog. cent.), it can bo determined once for all with 
groat accuracy, and hence also any speed by comparison can be 
measured with like accuracy 
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IE a fork vibratos with a frequency of 50 cycles per hoc., the 
eyo will receive 100 impressions of the object through the 
,alih S per second, mid will have 0000 peeps per rninuto. The 
geometrical form of the rotating object viewed through the slit 
will, in conjunction with the rate of vibration of the fork, 
decide the speeds at which the object will a|>|w*ar at a standstill. 
TIicbo njieeds mighty for evamjilo, bo 100, 200, 300, eh:., rev*, 
per min., and the simple fork shown lu Fig. 52 can only nerve 
to mcasuri'. Hp*-oclK intermediate lartweeii thr*n by enabling tlm 
eye to rount the apparent revs. nindo by Uic object in one minute 
by a watch. For example, if the speed at which the object— 
viewed through the slit appcuml stationary -was 1500 revs, per 
min., and afterwards the object appi'iutd to be relating in the 
direction of motion at 50 revs. per min., then the act ual upped 
%t the object would be 1550 revs. per min. If this apparent 
relation of the object was in the opposite direction, the actual 
speed would bo 1450 rev*, |x*r min. 

The detenu iimtion in this man nor of speeds in tor media to 
between tbo two nearest standstill valves, coupled with the 
necessity for such being constant, is a disadvantage in tbo 
Htrehoxrupic method, for it is obviously preferable to be ablo to 
bring tbo object to an apparent standstill at any speed. At 
least two methods of doing this have been devised ; one due to 
Dr. Drywlnlu employs a special arrangement of a conical roller 
with stroboscopic disc, as dcseril.jod in Iris paper, but which liuks 
portability. In another method, designed for portability by 
Messrs. A. F. Kennelly ami 8. 1«2. Whiting, and dcsrrilieri by 
them in a paper read at the Twenty-fifth Annual (Jon vent inn of 
tho Ainer. Tust.E.E,, Atlantic City, N.J., June 2!}—July 2, 1908, 
tho stroboscopic fork is adjustable continuously in its rate of 
vibration through a range of about 0% above and below its 
mean value without sensibly disturbing its motion. This is 
done by a pair of sliding weights, which ore mov<*d friction tight 
along about 7J" of the limbs of the fork, gradually from one 
position to another, by a pair of strings, normally slock, 
passing over guide-pullcys, and vibrating with tho fork. The 
form used in this design lias limbs 18" long x 1" wide x W 
thick, and weighs by itself almost 2 lbs. The object in using 
» long a fork was to obtain a low frequency vibration or fork- 
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speed comparable with the speeds ordinarily met with in rotating 
machinery. The fork has n mean speed giving 1900 peeps per 
min., and carried on its extremities a pair of thin sheet steel, 
shutters with slits 0 59" long x 0 008" wide. Adjustments 
are provided for aligning these slits, and for tuning the fork to 
the required normal frequency. It is operated by an electro¬ 
magnet, tho coil of which is woupd with 525 turns of Ho. 27 
S.W.G. enamel insulated copper wire (enamelled to No. 20 
S.W.G.), having a resistance of about 3 £ ohms, and requiring 
an avorago current of about 0*15 amp. to operate tho fork 
through a form of contact breaker already referred to. 

The amplitude of the vibration of tire fork limbs is about I" 
at the Blits, each side of their position of rest, giving a maximum 
cyclic velocity of about 1 foot per bcc. at normal fork speed. 
The relative velocity of the slits is thus about 2 foot per sec, and 
the duration of each peep through tho slits will ho 3U ' U5 of a 
sec. c= xwnorm of a min. Hence an object rotating at 1800 rovs. 
per min. will only move through x a oo oo ~ iJu °f a revolution 
during each peep, and if it appears at a standstill through tho 
slits, 1 rov. per min, mure or less, i. s. a variation of of 1% 
in the speed will enuse tho object to make 1 rev. per min. either 


way. 

The Target—hitherto called tho rotating object, may most 
conveniently consist of a thin disc 
(hetween 9" and 10" in diam.) of 
sheet metal or thick cardboard 
fixer! concentrically—in any con¬ 
venient and satisfactory way—to 
tbo end of the slrnft whose speed 
is to be measured. If neitner end 
of the shaft system ii Available, 
nor any portion of the end of tho 
machine suitahlo for use as a tar¬ 
get, it may be possible to mount 
the special artificial target on a 
subsidiary spindle with pulley, and 
drive this by a light supple tape holt at a definite speed ratio 
from some part of tha machino under tost. 

From many trials with different kinds of targets, it has been 
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found that ft pure white pattern on a deep black grounding, nnd 
of about the also above-mentioned, is quite satisfactory. Tho 
# pattern (Fig, B3) comprises: a squaw, a pentagon, a hexagon, 
a 14-point star, and an 18-point shir, all concentric with one 
another, and with thB disc and shaft, with a radial bar inside 
the aquaro for enabling tho apparent revolutions between 
intermediate standstill speeds to be conn Led easily. 

If P — number of positions of symmetry per revolution of 
any individual palter 11 on the Lai get. 

« = revs, per min. of the target. 

• jV = any whole number or reciprocal of a whole number, 

and p ~ number of peeps per min, given by tho fork’s rate of 
vibration. 


Then the particular pattern will stud still wlicu viewed 
•through the slits if 

*-£5, 

V 

For oxainpto, the square or 4-pointed star lias P =: 4 positions 
of symmetry por revolution. 

If a given fork provides p = 3600 peeps per min., 

Then the square will appear to stand still for octuul speeds of— 

in,, . -. « .. Pn 4 X 4f>0 , 

n= ioO revs, per null, at winch jV= — “ -.v« ?r g - = | 

1 p •»«) 2 

llio reciprocal of a whole number, 

i • 4 i 4 X 1800 . 

and n — 1800 itjvs. per mm. at winch N=^ — =* —— s= 2 

p 3000 

a whole number. 

In tho first cuso the square will movo through half of a position 
of symmetry, and in tho second case through two positions of 
symmetry between successive peeps. 

Tho useful possibilities obtainable with tho above target may 
be conveniently seen in Table VI. 

Tho higher the actual speed of rotation, tho greater must bo 
tho rato of vibration or frequency of the slits and number of 
peeps per min., and the narrower must the slits bo, otherwise 
the number of positions of symmetry P must be smaller to give 
on increase of pitch. 

The accuracy of this method of measuring epecd is very high, 
and of tho order of about 1 part in 10,000. 
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T**ue YJ.—If lull ipNdi In r*« per. min, a» which patIi |*tt*in of IK« Target (Ffg. c*)w5ll appw 
aUftd still #1ibq Tlewsil toioiiRh tho »litb of a Fnili giving 18ft) poop* jw minute. 
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{ 53 } Relation between Speed and E.M.F. in 
“ Separately Excited,” “ Shunt,” and 

“Compound Wound” Direct Current 

Dynamos. 

Introduction.—Tlio following tats tiro arranged with tho 
object of investigating the way in which the term)ml ii.KT.F. 
of tho various typos of dynamos varies with the speed when 
the machine is delivering no external current, Tliu rnndu of 
procedure is exactly tho stune for each typo of machine, and 
consequently this will he given in one concrete instance only, 
and merely referred to afterwards for the others. In all coses 
the terminals 7j T t of the machine are the ones to which the 
external circuit would he directly connected. Prior to starting 
see that all lubricating cups in use contain oil, and feed property 
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bub very slowly ; also that the commutators are smooth aiul clean, 
and the brushes properly trimmed. 

■N.B.-—The performance of a '*magneto " machine would bo 
exactly similar to that of (/l) Inflow, and the u eerier ” machine 
approximately the &mio also, providing the current through the 
series machine bo kept constant by varying the circuit resistance 
as the speed varies. 

Apparatus.—Dynamo D to be tasted; tachometer; voltmeter 
(P) capable of reading sufficiently high. 

(1) Separately Exittbd Dynamo. 

Observations.—(!) Connect up V to 7\ and tho exciting 
coils to some outside source of K.M.R through an ammeter 
(<i), ami rheostat (li), then start D. Adjust (7f) so as to obtain 
n rurrent which will give J nux. excitation (to be kept constant). 

(2) Adjust tho spiud so as to obtain the lowest readable scnle 
reading uf V. Koto thi* and tho speed. 

(•*1) liaise tin; speed so as to got alxiul ton different value* of V f 
rising by about = increments to Dm max., and note the speed at cocIl 

(I) Repeat 3 for & similar descending set of readings. 

(5) Repeat 3 and 4 for such a current through Dio field mils 
ns will give max, excitation, and tabulate your results in the 
following geticial fgnn. 


Tyjrfi of OtiuDw 

Spoil la Ri-vn. 
l*r min. 

Si;. ~|tf» Pir.* 1 j 
tli'IPl l»l<l IUAJ 

a. 

T< muii^l 

Airciiiing 

V. 

Do*Cflmlinp 

7. 







(A) Shunt Dynamo. 

Observations.— (1) Connect up V to T x T 9 and etart the 
dynamo. 

(2) Repeat observation (2—4 A), and tabula to in Die form 
shown above. 

( C ) Compound Wound Dynamo (Lo.su Shunt). 

ObflQTvationjl.—-Repeat those fur li above. 

Plot curves for the test* ou each type of macliiue in A 1 B and 
C above, having E.M.P. as ordinates and speed as ttbseiswa*. 

Inferences.—Compare the above curves and results, and state 
clearly all that you can infer from them. 
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Characteristics of Dynamo Machines. 

Introdurtory ReaAiks.—There are two great classes .of 
electrical generators for converting mechanical, into electrical 
energy—namely, {1) those which supply cmtinvoue current,«. s. 
current which flows in one diroction only round the circuit, and 
which are otherwise styled direct cicmat dyiunnas; (2) those 
which supply alternating current, i. e. current that reverses its 
direction throughout the whole circuit many times a second, 
and which are usually styled alternatort. As therefore the 
supply of electrical energy to any appreciable extant invari¬ 
ably assumes ooo or other of the above forms of current, a 
study of tho behaviour of tho machines that supply it becomes 
of paramount necessity, IlesLricting our considerations first of 
all to tho former of the nlmve-mentioned classes, it may bo 1 
remarkod thot it is composed of a great variety of forms, tho 
performance of which depending practically entirely on the 
method employed in winding their Cold magnets, in ntlicr words, 
as to whether the whole, a fraction, or a combination of this 
whols and tho fraction of the wbolo current generated by tho 
machine m utilised in magnetizing their held magnets. Direct 
current dynamos in gancral may consequently be subdivided into 
the following five distinctive types according to the winding of 
their field magnet coils— 

(o) Magneto machine. 

(i) Separately excited machine. 

(c) Series maclune. 
id) Shunt machine. 

(e) Compound machine. 

All those types ore used in practice, especially the last three, 
which form by far thB greater proportion of direct current 
machines in use throughout tho world. Only by a minute study 
of the performance and action of each type can it be seen which 
of them is the beet suited for any particular purpose. 

The current that Any particular dynamo will send through a 
given external circuit oonnoctad to its terminals will obey Ohm's 
law, and will depend on the ELM. If. of the machine, as well as 
on this external resistance. 

If therefore the machine be run at a constant speed, and the 
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circuit resistance R varied by suitable steps (say), both the ter¬ 
minal P.D. of the machine (T) ami the current A will vary. 
Assuming that V and A are noted simultaneously for each alter¬ 
ation of R wo can plot a curve having values of V t measured 
along tho ordinates, and A along the absciBSio, these axes boing 
rectangular. &uck a curve is commonly called' the ,l external 
dtaraeteristic" of the dynamo, and by means of it many valuable 
and practical details can at once be deduced. 

Jq fact, the function of a Characteristic in relation to a dynamo 
is oxbremcly analogous to tliat of an “ Indicator diagram " with 
an engino. In tho former, not morely can tho qualities and psr- 
formance when working 1)0 eocn, but also tho H.P. at which it 
works or could most economically work at, and many defects in 
tho design—fluch as tho sudicioncy of tho Jiold magnet field, the 
degree of saturation of the magnets, tho demagnetising action of 
the armature on the field, etc., otc. The Characteristic of a 
dynamo is therefore much more important to the electrical 
engineer than the author vent urea to think is generally supposed. 

(54) Determination of the “ External Charac¬ 
teristic" of a Magneto Dynamo. 

Introduction.—Tho present type of machine nndor consider¬ 
ation has a somewhat extensive field of use, two very important 
applications being for blasting purposes and uso with the ohm- 
meter, and indeed in all kinds of work in which a portable E.M.F. 
and small current is desired. 

Another application in the past on a hoavior scale was in the 
production of lighthouse search-lights, in which kind of work 
heavy currents aro required at a comparatively low E.M.F. 
Considering the machine more in detail, when the armature is 
delivering no current to the external circuit, the terminal 
P.D. (h) -- the total E.M.F. (/!) of the dynamo. When, however, 
a current A flows, thou V is less than £ by an amount depending 
on the armature resistance r,; for, by Ohm’s Law, 
wo have K-A (R+r.) 

where R — the resistance of the external circuit; but since it is 
solely the P.l). (Fj which drives the current through the external 
resistance, 

r-AR, 

and consequently E - K-t- dr.. 
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Thus »c see that the total E.M.F. of the dynamo is = the P.D. at 
_ the terminals + that required to 

^ send the current A through ,the # 

/ \ internal resistance r. of the arma* 

l \ lure. permanent magnetism 

D of tho steel magnets is approxi¬ 

mately constant. 

Apparatus.—Magneto dynamo 
/ / \k D to be tested; voltmeter V; um- 

y I (y —a \\ n moter A ; switch ,S ; rheostat if 
YnlJ“ (p. 600); tachometer. 
i' YV ' s ' //\ ^ Obsertatioas.—(1) Connect up 

/ K -^ j \ ns in Fig. 64, and adjust tire 

j \ _ J X pointers of A and V to zero, if 

/'V\ / y j - § nccossnry, See tliat all lubricat* 

V J ' Y >ng cops ut mjm feed slowly and 

v 'V UWUV ■* properly, and that tho eammutH- 

lor is smooth, and clean., and the 
!< |(J brushes jiropaiy trimmed. 

(2) Start D up to its normal 
speed, and when this is constant, note the reading of V. 

(3) if being as huge os possible, dose S, and lake a series of 
about ten different values of current A, rising by about equal 
increments from tho smallest to tho maximum permissible. Koto 
tho voltage Y and current A for each, the sjwd being constant at 
tho above value. 

(4) Repent 2 and 6 for a similar descending set of readings of 

V and A at l ho same speed. 

(5) Itc]ieat !-4 foe speeds 20% nbovo and 60% below normal 
respectively. 

(6) Measure the armature resistance (r,) (while warm) by the 
Wheatstone Bridge, or if it is too low, by the 11 Potential 
Difference" method (p. 84), or by the ammeter and voltmeter 
method (p. 86), nnd tabulate your results as follows— 

Nam . , , Dajs . *, 

3f«gri«to Djiumio twtel r Ho..., T>pe ,.. Haifa- . .. 

Nunrmi Vctlt»se*, , . A®p*. *.. . Sj*mJ ow. , . 
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(7) Plot the external Chametenetic curvet of the machine for 
both the ascending and descending readings at each speed on the 
same curve sheet, having valuos of V as ordinates and A as 

' abscissa- 

(8) Reduce from these the total Charaeterutks of tho machine 
by the graphical construction given below, drawihg them on the 
eame curve shoet (vide p. 3, obs. 8), 

(9) Plot the horse-power curves (see below) to the same axes. 
Inferences.—State clearly all that yoa can infer from your 

experimental results. 



Amperes 

Tift 56. 

Graphical Deduction of the Total Character¬ 
istic of a Magneto Dynamo from its 
External Characteristic. 

Referring to Fig. E6 : take two co-ordinate axes having their 
origin in the point 0. Let sty be the external Characteriutk. 
Take any point Q in the abscissa} representing seme definite 
current OQ to the scale chosen, ar.il set off on the ordinates 
QP OQ X r, volts. 

Join OP , which therefore represents the fall of Potential 
through the armature due to the current* flowing in it, 
or ten. POQ = T r 
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Now tale any point «' in tij, and through it draw an ordinato 
flatting Or nnd OQ in b and a respectively. Set off o’6' = aS, and 
V will then bo a point on tlio total Clutraelrrislic. 

Repent this construction tor eight or ten points, such ns a 
along ry, nnd finally draw the total Characteristic zb' required. 



Tie. 66. 


The performances of tho machine, dednciblo from the above 
diagram, are roughly these— 

If the curves t>j and zb' are too far spirt, it means that the 
armature resistance is excessive nnd is causing a large drop of 
terminal voltage. 

Again, if tho lower part of Tij droops considerably, it shows 
that the armature current is causing a considerable demagnetizing 
action for the larger currents when the angle i/ lend of the 
brushes is greater. This downward drooping occurs more 
markedly as the field magnets become weaker. 




ELECTRICAL ENGINEERING TESTING 


w 


Horse-Power Curves. 

" Since the electrical power W in Watts developed by any dynamo 
giving a current A ninp-s, at a P.D, of V volt* is— 

Tr^r(WatTs) 
andainco 1 KU.R-746 (Watts), 

. ■. H.P developed = 

1 746 

Now manifestly, ns the Characteristics of a dynamo are plotted 
to definite flcalea of volts and amperes, tlio power developed at 
any point on such ft curve will bo equal to tho product of the co¬ 
ordinates of that point, and can therefore at once be aeon. 

If, however, curves of equal ILF. arc, at tho onset, drawn to 
• the axes chosen, tho .above calculations will 1w avoided, for if the 
2 If.P, curve cuts tho Characteristic at a given point, then the 
power dovelopod by the machine corresponding to the V and A of 
that- point will he 2 II .P. 

To determine these H.P. curves ; Find several points such tliat 
the products of their co-ordinates 716 Watts =1 II.P. Thus, in 
Fig. 66 wc have— 

I >QxQA = JftVx NW*- (ID x DC - 746 Watt* = 1 H,P, 
similarly PR x RW- k’S x Sfi = .V Kx VC «1492 Watts = 2 IT.P. 
and X'Ay. Z\V - AT x TV - 223d Watts ~ 3 ll.P. 

Then all points on the curve QND represent. I H.l*, 

tmd „ „ Jtsr t , 2ll,P v and u on. 

Intermediate values of JI.P., such as 1*5 U.P., can bo got by 
halving the distances between curves QNf) and i{S\\ etc. 

These ILP. curves aro simply rectangular hy^rhuho if equal 
scab® nro used on tho axes, but are distorted bypcrboUc if the 
scales are unequal. Instead of ll.P. they cun equally well be 
drawn to represent kilowatts, 

( 55 ) Determination of the External Charac¬ 
teristic of a Separately Excited Dynamo. 

Introduction. — Tho type rjf );iacliirif U:;.]r'r consideration 
as representing a threcl current dynamo lias little applies, 
tion in practico, but as representing an alternating cumin! 
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machine it has an extremely wide range 
nf ufe. Such, however, we do not 
propose to discuss at this stage, ,It« 
utility in the first-naiped use lies in 
l ha fact tlmt not merely can a far 
more powerful field be produced than 
is possible with any permanent fitoel 
magnets, which is of great valuo and, 
in fact, nil-important in llio genera¬ 
tion of forgo E.Af.F.a, but such a 
machine can ha used with perfect safety 
in charging secondary cells, electro¬ 
plating, etc., without the least fear of 
its polarity being changed should the 
back E.M.F. of the cells exceed that of 
the machine. A further advantage may 
bo mentioned, vix. that a wido variation 
of KM.F. can bo obtained at any speed by suitably varying the 
exciting current («) by the rheostat (r). Tlio main dime!vantage 
lies in having to provide an independent sourco of E.M.P. (/ij 
for exciting the field magnets (F.A/J, 

The total E.M.F. ip, ns in the case of tho magneto dynamo, given 
by tho relation E = 7+ Ar at where A ~ the current flowing in the 
circuit at a terminal P.D. = V and r a the armature resistance. 

Tbo external and total Characteristics of the machiuo are 
found in exactly the soma way as for tho magneto dynamo, but 
at constant excitation as well aa speed, and Pig. 67 chows the 
requisite appurutua symbolically and tbo connections of the 
same. 


dT" 8 ' 1 '"] 

I r:> 


?-K 


r 




cv 

V) 


-$ 


L^AAAA^-d 


F/o. 07. 


(56) Determination of the Internal Charac¬ 
teristic or Curve of Magnetization of a 
Separately Excited Dynamo. 

Introduction.—In any dynamo, tbo P.D. across tho brushes,!... 
^mature, when no current flows in the external 011 * 01 x 11 , givos a 
measure, and is proportional to tho magnetization of the field 
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magnets. II therefore tho field magnet* ot any dynamo are separ¬ 
ately excited by different currents from an independent source of 
,E. Ml* 1 -. tho corresponding voltage* across tho bruahea/or constant 
speed, will bo approximately proportional tu tlio inductions pro¬ 
duced, if the machine is giving no current Tbe^curvu relating 
to exciting currents with E.M.F.s is termed tlio internal Character •- 
il'.ic, and it shows tho region of saturation of tlio magnets, and 
also whether tho rddy currents in tlio arniaturo are prudacing 
any perceptible demagnetization of the field, and therefore shows 
the eilirocy of tlio lamination of tbo armature core. 

Apparatus.—Separately excited dynamo J) to bo tested ; volt¬ 
meter V; exciting circuit comprising source of EM.Li 1 . (IS) ; am¬ 
meter a: switch A'; rheostat (r) (p, 595); and full] coils F..M. 

Observation!. —(1) Connect upas in big. 51, omitting the main 
Current circuit there shown connected to the armature. Adjust 
the insf ruments to zero, 

(2) Start R up to normal speed and with (r) large, close 3, 
and take shout ten different values of exoiting current, rising 
by about equal increments from 0 to tho maximum, and nolo tlio 
corresponding voltage Y at each, tho speed being constant' 
throughout. 

(3) Kopeat 2 for a similar descending set of readings, and 
tabulate your results in a convenient maimer. 

(1) l'fot tho internal Ckaraelaruth hnving valuee of terminal 
voltago V (x to field flux) as ordinaire, and exoiting currents 
(a) (x to magnetizing force) ns abscissa 1 . 

Inference!.—State clearly tlio meaning of tlio curve, and any 
inferences which call bo drawn from tbs experimental results. 

(57) Relation between External Current and 
Exciting Current, at Constant Voltage, 
in a Separately Excited Dynamo, at 
Constant Speed. 

Introduction.—If both tho asternal and exciting current* 
ore vaiiad together in such a way that for a constant speed 
the terminal voltage is constant, thou tho curve showing the 
variation of one current with the other will show the increase 
of excitation that would ho necessary to giro constant voltage 
for varying external resistance at constant speed. 
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Apparatus.—Precisely that required for tlie preceding test, and 
in addition the main circuit comprising auuncter A ; rheostat E 
(p. 600); and switch S. t , 

Observations.— (1) Connect up as in Fig. 07,-and adjust tho 
instruments to aero. Seo that all lubricating cupa in use feed 
properly. 

(2) Start I) up to the normal speed, and with & convenient 
excitation note the voltmeter read iug V y which in future is to bo 
kept constant an well as the speed. 

(3) With A'large close >V,ami take about ton different load cur¬ 
rents A, rising by about equal increments from 0 to the masi- 
mum allowable, adjusting tho oxciting current to keep the volts 
constant. Note each jmir of corresponding currents. 

(4) ttepc&t 3 fur a similar descending wot of ruulings. 

(5) Repeat 3 nml 4 for a diHurent spend hut tlio same voltage 
by suitably altering the initial excitation, and tabula to in a con¬ 
venient form. 

{6) Plot curves for each speed, for both ascending and descend¬ 
ing readings having values of exciting current ns ordinates and 
tamin currents as ab$cissre. 

Inferences.—Suite clearly the practical value of tho above teats, 
and oxplain the form of curve so obtained. 


(58) Determination of the External Charac¬ 
teristic of a Series Wound Dynamo. 

Introduction.—Ill this type of machine Hid whole current 
developed at ally time is muployed for magnetizing the field 
nugnets, but these are only wound with a compaiatively small 
number of turns of thick wire to carry thin main current, 

Tho series machine is an extremely important one in practice, 
anil will be found throughout the world in different parts. It is 
essentially employed as a txmtnnl current dynamo,usually develop¬ 
ing a small current at a high F.M.F. Tho principal application 
is in t)n> lighting of arc lamps in series, and w an clcctro-motor 
in the various branches of electric traction work. Regarding it 
first of all from a theoretical standpoint, thero is ouly one circuit 
in operation, and hence but one current, in the case of a series 
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dynamo running an external circuit. Than when tins is broken 
there is no E.H.F., and the maximum K.M.F. is only obtained 
p wt|pn cIomo on tho full load current is flowing. 

Tlie series dynamo possesses many peculiarities, the nature and 
effect of which, on practical working, it is all-important to be 
cogniuiut of. This investigation is best solved by obtaining the 
Chirucleristic of tho maHiino and studying it. 

If t t and r a bo the resistance of tlio series coiJg and avinaturo 
respectively, anil R tliat of the external circuit, then when the 
vultage acroas the team mala is Y, the total K.M.K generated 
£ - A (11 + r, + r.) 

where A = tlie current in the circuit; but V — AU\ hence 
y+ A (r, + r„). 

Apparatae.- yerics dynamo I) to bo tested; voltmeter 7; 
•ammeter A \ switch 8 ; low radstanco (variable) rheostat 74* 
(p. fiOfi) ; tachometer, FM roprcheuts the Held lmignot (series) 
coils; TT represent the terminals of tbo dynamo. 

Observations.—(1) Connect up ns ill Fig. 6ft, and adjust the 
instruments to zero, if necessary. »Soo fcliat all lubricating cups in 
use feed slowly and pro¬ 
perly, and that tlio bruthw 
ore properly trimmed mul 
tlm ewnmutato* m smooth and 
clean. 

(2) Start D up to its 
noiinal spued, and with 8 
open note tho reading on 

Y (if any), 

(3) With /<! large, close 
8 , and bike about ten 
values of current A (at 
coiietniU ijieetty, rising by 
alk>ut ef^ual increments from 0 to the maximum periniasiblo, and 
note tho corrospondiug voltago Y at each. 

Rote .—In starling, cure must be taken not In decrease R too 
quickly, as the machine might suddenly build up on its residua] 
magnetism, and a largo rush of current ensno. 

(4) Kopcat 2 and 3 for a similar descending set of readings of 

V and A. 


FIH 
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(5) Repeat 2—1 for apoodt 20 % above and CO % below normal 
respectively. 

(6) Measure, by means of the Wheatstone Bridge, the resistance , 
r, of the series coils, r a of the armature, and r, + r £ of the whole 
machine while warm, supposing it to be not too small, and tabulate 
your resultt as follows— 

»u<.., Oats ... 


6«rt** TJjnuaD Ufftod : No. . . . tyj* . > « llekw . . -f rs) =<. . 

HonmU Voltage » , , » Ampl ^ . . . flpood * . . . Refkticcr f* - . . , r»«*. . 


Bp««d 

Rev*. perjnift 

AitfltuLng, 

Defending. 

RaeJitAiict of 
Rikmi! Circuit 

-■HtTolima 

MU A 

1 Terminal 

Yoiufri. 

| Ampeai. 

Terminal j 
Volta (?> | 

Ami«> A. 




i 




(7) Plot the ascending and descending axtcrnal Characteristics 
for each speed to the same pair of axes, having voltago (f) as 
ordinates, and amps. A as abscissae in each ease. 

(8) From t)u‘. above curves deduce, graphically, the total Char- 
adcristict on the same curve sheet in the manner described below 
(oirfe notation, p. 3). 

(9) Plot tiro H.P. curves on the nemo sheet. 

(10) Determine the critical resistance for this machine at each 
speed and also the critical current. 

(11) Determine the internal Characteristic of the machine, and 
plot the results, having exciting currents as abscissio and armature 
E.M.F. as ordinates, to the same axes as the abovo curves. 

(12) Plot the external resistance Characteristic having values 

of V as ordinates and resistance of the external circuit in 

A 

ohms as abscissa?. 

Inferences.—Explain the meaning of the curves very curefully, 
Bow can the effect of alteration uf speed fur one or mote points on 
a Cliaructeristic be corrected for t Why docs the total Character¬ 
istic not droop so much as the external at the higher ourrente 1 

Graphical Determination of the Total Char¬ 
acteristic from the External One in a 
Series Wound Dynamo. 

Take two coordinate axes meeting in the point 0 of which the 
ordinates represent voltage and the abscissa current in amperes 
Let x be the external Characteristic curve of the scries dynamo. 




ELECTRICAL ENGINEERING TESTING 


153 


Tate any point Q on the abscissa representing any current 
OQ and set off on tho ordinate a line QP to represent OQ 
^ (* + r,) volts. Join OP, which therefore gives tho rate of 
fall of potential down tho armature and series cm la combined, 
i. 6. down the whole machine, or we have tan. POQ =* (r^ + r t ). 
Now take any point a * in tho curvo x and through it draw an 
ordinate aba cutting OP and OQ in b and a respectively; set off 
ah' as shown — ab, whence b* is a point on the total Character¬ 
istic. Repeat this operation for some ton different points along 



x and finally obtain tho total CharactaiiKtio y of tho machine 
at tho particular speed in question, Fig. 51). 

If the curves start at some point » other than tho origin 0 , 
then Oe is tho E.AI.F. at that speed duo to residual mjiguctism 
in the Held magnets when tho external circuit is open, as in 
observation 2 above; Ot will be greater the greater tho hardness 
and retentivity of tho iron in the magnets. 

If tho curves x and y are much separated, it shows that the 
resistance of tho umchiuo, i. e, tan. POQ, is too groat, and therefore 
that it cannot be very efficient. Again, the summit G of tho 
curve x shows for what output {(7 II x HO Watts) and current 
Oil tho armatur© is magnetically saturated, and the drooping of 
tho fntbJJx gives an idea as to tho demagnetizing action of the 
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armature on the field. It is greater in dynamos in which the 
magnets uno relatively Jess powerful than tho armature, and is 
greatest in those machine* in whieli tho armature core is qjore 
nearly suturaUd than those of tho field magnet*. 

Graphical Determination of Critical Re¬ 
sistance at a Given Speed for a Series 
Wound Dynamo. 

J^t l bo curve 0('x Ik*, say, tin? total characteristic of tlie 
niiK'Fiinc for a given speed. Then tlie total circuit resistance 



Fw. GO. 

(AJ + r a +v,) corresponding to any point 1* can at ouce bo found i 
tho Ttf>ist<tnc& line y is known, and which ia found aa follows — 
Let N = pint of intersection of the two axes 10, Fig. 60. 

jVjl/ V 10 

Then joining ON we have tan. NOU = -jjH 
Hence JVifl a pint representing 1 ohm. 

Similarly N 1 being the pint of iiuotKoction of tbo 20 volt 

V 20 

fULis and 10 ampere one, will represent = 2 ohms, and won. 
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Thus tho whole Tesiitanee tinsyM is obtained. 

Now to obtiiiu tho circuit resistance for the point P t draw 
jte #o-ordinates PQ and 1*8 and join OP. 

/'S' V 510 

Then tin. PQS= =-= *j - \tt - 1 ‘375 ohms, 

(Lb A 40 

but jVA' = I’375. Henco the reaiatanre of tho circuit (R + r a + r,) 
is given by tho point of intersection A" of tbo join of /' to 0, and 
tho resistance line My. 

If then P Approaches tho origin 0 just *o rloso that OP 
coincides with 01 y and is practically a tangent to the curve (a), 
• than its point of intersection with My gives the critical circuit 
naiaiftnety above which the series dynamo will not excite. 

This point is II and corresponds to 2’€0 ohms on tho i-c&ist- 
unco lino. Thus for this speed the irmebino will not work if 
ftf hr« + r,) is gi eater Hum 2’6 ohms. For this instance the 
ordinates represent total N.M.F. of course, but if they were 
terminal volts and Ox the external Characteristic, then Mil 
would ^ tho critical external ru-sistanco It. 


( 59 ) Determination of the Internal Charac¬ 
teristic or Curve of Magnetization of 
a Series Wound Dynamo. 

This is obtained in precisely tho sumo mauucr ns that iu tho 
case of tho separately excited luachiiio (p, 148), and consequently 
tho mode of procedure will not bo repeated. Thu curve should 
bo plotted to the aarao axes ns the ordinary Character!sties when 
tho relative petitions will form a measure of the umlurf) reaction 
on the field. 


(6o) Determination of the External Charac¬ 
teristic of a Shunt Wound Dynamo. 

Introduction.—In thp type of tnocliine under consideration 
only a fraction of the full load current goner a Led is employed 
for the pm pose of mugnetixing tho fiold magneto, the winding 
of the coils of which comists of a large number of turns of small 
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■ gauge wire, possessing a comparatively largo resistanca This 
shout winding is connected directly across the brushes of the 
dynamo. Shunt dyuninos possess a region of approximately 
constant potential, the falling off in this latter being mainly due 
to armnture resistance. 

This type of generator is an extremely important one and its 
sphere of application vory large. 

The performance and qualities of such a machine can best be 
investigated by means of its Characteristics. Regarding the 
shunt dynamo from a theoretical standpoint, suppose that A,, A, 
and A are the ourrents flowing tlirough the armature, shunt, 
and external circuit whoso resistances aro respectively r„, r, and It, 
then we have A a = A + A„ since the armature current splits up 
through shunt and external circuits. 

Mow Binco we are dealing with two parallel circuits and onb 
common potential difference, no Lave, that the terminal voltage 
V-AH=A,r, and the parallel resistance of shunt and external 

circuit is v, — 

Jl + r, 

Ifenoe E = A„ (r„ + - A.r. + V, 

ur by substituting for A a itd value A + A t ami reducing wo got 




Apparatus,—Shunt dynamo 1) to be tested, of which EM 


fm 


represents its field coils in scries with 
a high resistance rheostat r (Fig, 2C9); 
voltmeter V; ammeter A j main 
variable rheostat 11 (p. 006); switch £; 
tachometer. 

Observations.—(1) Connect up as 
in Fig. til, and adjust tho instru¬ 
ments to zero if necessary. Poe tint 
all lubricating cups in use feed 
pnipcrly. 

(2) ytarfc D up to its normal speed, 
and with S open vary r so as to produce normal excitation, then 
note the value of V. 

(3) With It large, close S and take about ten different values 
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of current rifling by about equal increments from 0 lo tUn 
maximum. Noto the voltage V at each and the currant A, the 
gpe^l being hopt consfcmt at tbo abovo value. 

(4) Repeat 2 and 3 for a similar descending set or readings, 

(5) Repeat 2-4 for epoeds 20% above and 50% below normal 
respectively. 

(6) Measure, by means of tho Wheatstone Eviilgo, tho resist¬ 
ance r, of tho shunt coils (warm), and by the "Potential 
Difference 1 ' method, the resistance r A of the armature if very 
low, and tabulate your results as follows— 

Rial.. . Data. . . 


Shunt Dymuitn {tsiftil i Ku. , , , PC . . « Hslmr . . . 

Ki.fiiifc]: toKi , . . Amp*. . . Rpced . . . ResIntAaea r«> . . . 


1 

Ttiii k. per 

Minute. 

ABrclidltin. 

Dwtcoinhng. 

110*111 nice of 

Terminal 
Vohfl K. 

Aiupi. A, 

Tcnuitml 
Volts (K.) 

Amp*. (.1). 

. lOMJI 

lliMD A 








(7) Plot the ascending and descending external Charaeteristict 
for each speed on the same curve sheet, having values uf V as 
oidmatcs and A ns absciss®. 

(#) From these deduce, by means of tbo following graphical 
construction, the total Vfuiractei'islici on the same curve died. 

(9) Plot the 11. P. curves to the same axes also. 

(10) Plot tho external resistant*) Characteristic, having values 

y 

of V as ordinates and resistance of the external circuit — ohms 
as abscissa). 

(11) Determine tho critical resistance of the machine for each 
speed and also the critical current* 

Inferences.—State clearly all tliat you can deduce from your 
experimental results, explaining carefully the meaning of the 
shape of tho ctzrvre. 

Graphical Determination of the Total Char¬ 
acteristic from the External Curve in a 
Shunt Wound Dynamo. 

Referring to Fig. 62: let x be the external Characteristic. 
Take any point Q in the axis of absciss® representing any 
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current OQ, mid from it Bet off QR — OQ x )'» volt*; join ON, 
which therefore gives the foil of potential in tho armature, we 

. , , HQ 

also bnvo tan. HOQ ~ — r 0 . 

Again, take any joint T on tbo ordinates representing any 

' OT 

voltage OT at tbc shunt terminals, and from T set off TS- 



amperes; join OS, which therefore gives the current taken by 
the shunt coils at different voltages, and we bare 

„ „ OT 
tan, SOQ--jgf-r t 

Now take any point V in r, and draw its co-ordinates Pc and 
Pf of which Pc cuts ON in d. Then cd - shunt current = 
and cP external current A. If now cP is produced to <f so that 
P<C = cd, then the total armaturo current A,-A +A,~cP + Tif. 

Now draw an ordinate through <f cutting Oil and OQ in 6 and 
a respectively. Then nJ = loss of volts in armature due to total 
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current A« — ctV t consequently setting off iVV = nb wo get IS a 
point in the total Characteristic which iit a xhuut dynamo give* 
£liu Relation between total armature current A„ — (d -f A) and 
total E, M.F. K * - (J' + On repeating this operation for a 

number of points snrh as T on x wo sivr final])" able to chaw tho 
total Chanirtevintic (y). 

The working part of tho curve id that at tho top down to tho 
eliarp bend on tho oxtreme right, 

Tho critical externa 1 resistanpo It ™ tan. a for this speed, and 
the machine will only work providing A* is greater than tan. a* 

Tho lower or straight portion of tho «m*vea in the unstable 
part. Thus it will bo seen that a slnmt dynamo would give a 
nearly roust hi it volt; i go for a given speed and variable external 
resistance, if it were not for tho armature resistance. 

• 

(61) Determination of the Internal Charac¬ 
teristic or Curve of Magnetization of a 
Shunt Wound Dynamo. 

Introduction.—Tho internal Characteristic of a shunt dynamo 
is similar in shape to the toLal Cli.imeteristie of a mth* dynamo, 
and i« a kmito showing tho relation InIwcoii exciting or shunt 
current and the KM.F. across tho brushes for open external 
circuit, Since, however, the shunt current is so wnrill that its 
passage through the armnfuiv would not cause any appreciable 
reaction or demagnetization, tho shunt may Ijo rxi iinl from the 
brushes and tho armature allowed lu give this small current* 
instead uf disconnecting the shunt and .separately exciting it 
from an independent Romm Whim tho dimeiiKiona of the 
magnetic circuit of the machine are known, scales c >f flu 1 axe* can 
bo marker! in air gap 11 ux density as ordinates, and amp, turn* 
per polo os abscissa*. 

Apparatus.— Shunt dynamo; variable high resistance r capable 
of carrying the shunt current (p. 509 ); low reading ammeter (/*); 
switch *?; voltmeter V. 

Observations.—(1) Connect the shunt roil* id the dynamo in 
sorie* with r, a and $ ncross the brushes and V nl*j across them, 
and adjust the instruments to loro. 

(2) Take an ascending and also a doseeiiihiig Ret of readings 
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of V and a (at constant speed, say the normal) hy varying r, and 
tabulate the results in a convenient manner. 

(3) Plot the internal Characteristic having voltages V (oc to 
magnetic field flux) as ordinates and shunt currents (a) (« to 
magnetising force) as absciss® in both ascending and descending 
readings. 

Inference!.—Carefully point out the meaning of the curves so 
obtained. 

(62) Determination of the External Charac¬ 
teristic of a Compound Wound Dynamo. 

Introduction.—Tho type of machine under consideration is a 
combination of a serial and shunt dynamo, so far as the field 
arrangements go, i.e. its field magnets are wound with both 
series und shunt coils. 

The compound dynamo is a stlf-rtijulaling machine for caiufani 
terminal voltage (at constant specif), independent of variations of 
external current. Thu principle of tho self-regulating property 
is as followsAs the external cat-rent increases in tho caso of a 
shunt dynamo tho lost volts due to armature resistance and 
demagnetizing reaction of tho armature in tho field reduces tha 
effective magnetism of the field magnets, but this increase of 
main current causes an increase in the field magnetism due to the 
series coils, which can he made to just counteract the diminution 
due to the lost volts, at one definite constant speed, thereby 
producing constant voltage at tho terminals of the machine. 

There are two possible methods of connecting tho shunt coils 
to the machine, and which are shown in Pig. 63 symbolically, 
where I. represents what is called “ Long Shunt,’ 1 and IL that 
termed “ Short Shunt," 7\ 1\ aril in each caso the terminals of 
the dynamo, and as seen in the first cose the shunt (eh) is across 
the extreme ends of armature and series coils (w), i. 1 . across TfT v 
while in the second case it is across the brushes alone. A careful 
study of the dynamo with each method of connection will show 
which is the most desirable arrangement to use in any particular 
cose. This, together with the investigation of the performance, 
etc., while working, can best be obtained by means of tha 
Characteristics of the dynamo. 
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Apparatus. — Compound wound dynamo D to bo tested; switch 
S; Toltuiotcr y- ammeter A ; rheostat li(p. 606); tachometer. 

Luso Shunt. 

Observation!.—(!) Connect up as in Kig. 63 (X), and adjust 
the instruments to zero if ueceasary. See that all lubricating 
cups feed slowly and properly. 

(3) Start 3) up to its normal speed, and when excited note 
the reading on V. 

(?) With It largo closo S, and tako about ten different values 
of current A rising by about =■ increments from 0 to the 


sh sh 



Pio. 63a 


maximum allowable. Note llio voltage V at each, tho speed 
Wing constant at the above normal value. 

(4) Repeat 2 and 3 for a similar descending sot of ob¬ 
servations. 

(5) Repeat 2-4 for speeds 20% nbovo and B()% under 
normal respectively for constant excitation in each ease in the 
shunt coils. 

(6) Measure by means of a Whcntslnno Bridge the resistance 
*•* of the shunt, and by tho “Potential Difference" method 
(p. 84) that of tho armature r„ and scries coils r m . 

(7) Disconnect either coil in turn and repeat the above 
oha. 2-6 with the remaining coil, and so obtain tho external 
Characteristic of tho dynamo far each winding separately. 

a X 
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Note. —Ill doing this with si connected alone, obtain the soma 
initial vnltngo Fas when running compound. 

Tabulate all join- results as follows— 

Nak* . . * Dili 


Compound ])jit jiu LfiW: Nn. ■ > « lyjxi . .« Make; 

Normal Yohi»=.,. Am|«-=,.» B|»cc 4 —... Jtr'dslancn /*«... tv t n\= .. 


Wluilliij 

uatxl. 

B]n\tl 
Jhvi, 
l«i iuin. 

Am etulmtf. 

Dcacwiliitg, 

Itr-i 1 sldll If of 
Uxlri uxE Circuit 

- |tWl >>«.». 
IhLtfl A 

Tunuiral 
Volts (K). 

Aiupa, (J) 

Titiillinnl 
Volte (!>. 

Ampu (^)l 

1 


\ 




Plot Iho t,r(«mdl Cfuirtn/crUtin » for iwli npwl, uiul both 
oamiding and drscouding olwmsitioua, having \dUgcs V us 
ordinal64 and currents A a* abscissa 1 . 

(9) From them! thnluco graphically, ;w dfHCrilxd k’hnv, the 
total Vtifimctmatir*, drawing them oh tho samu sheet of paper, 
{For notation, «r© p. B.) 

(10) Plot the JF.P, curves to tho same uxCS also. 

(11) Plot the external resistance Charadoiklic having values 

of V as ordinates ami resistance of tJic external circuit 1 in o)im& 

A 

as abscissa). 

Inference!.— State carefully all that can lie inferred from your 
results, and explain the meaning of the various curves, 


Graphical Determination of the Total Char¬ 
acteristic from the External one, in a 
Compound Wound Dynamo. 

Lnxri Shunt. 

Bcforring to Fig. Gl, lot x lie the external Characteristic, 
Take atitf jMjint Q ill the itWistte representing any external 
current OtA and sot off freni Q on tho ordinates Qlt— OQ 
lr a + r„\ whence tan. ROQ - (r, + r„). Again, taking any point 
T representing any voltage O'T ut lire shunt terminals, act oil 
r qT 

from T a line 2'S — — wlumi* tan. EOQ — rj,. 
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Now Ukc any point P in r. and draw ila co-ordinaLo* VC and 
Pi j, then Lhc intercept Cd between OT and 0S= ahunt current 
this volUgo Ph. As in the tuac of the pule nil lint Hindu no 
mako Pd' ■= Cd, and draw an ordinate U'tt through d' cutting OR 
and OQ in b and a. 

Then milking d‘b* —-ab, wo got l> to ho a point on tho total 
Clionu'toriatic (y). llepcutirig thispn>ces» for several point*, such 
aa P along (a;), wo finally got tho curve y showing tho relation 
between Urtnlarmutwre current A a1 which + /funnel total F.M.F. 
E t which V + A 0 (j‘ u + r*), whero in Fig. (H On —A, iut^A 9 ^cd t 
On ~ On + na ■-* A + A t 
nA-Oit (r 4 +r*)-4, («•,+*&)• 



(63) Determination of the External Charac¬ 
teristic of a Compound Wound Dynamo. 

Snout SnUJtr. 

Aa the moilo of pmcoihiro in precisely tho some «s in tho enso 
of the corresponding long shunt tent, this latter will not bo 
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repeated here, and most he referred to both for apparatus, which 
it tho same in both cases, and for tho diagram of connections which 
is shown in Fig. G3 (11,}, 

Graphical. Determination of the Total Char¬ 
acteristic from the Internal one in a 
Compound Wound Dynamo. 

Shout Shunt. 


Bcferring to Fig. 05, let x be tho oxtornal Characteristic. As 



F:o. 05. 

in tho last case take any current OQ and set off QW=0Q nr* 
and QR — OQ x r, and join OR, OW. 

Obtain OS as before, and let F « any point on the curve (x). 
From P draw Pc' = 6II, and from e' draw e'ef -e cd ; lastly, make 
db' - db and V is a point on the total Characteristic y, thus y 
is easily obtained. By reference to Fig. 65 it will ha seen that the 
total E.M.F. E= F+ A a r„ + Ar*, while the total current in the 
armature A,- A 4A$„or in this Fig.— 

ah = 1'G + GII+«bi- V+Ar u + A.r. 
and OG +■ Ga “A-t-A^. 
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(64) Determination of the Separate Field 
Magnet Windings for Truly Compound- 
. . ing a Dynamo. 

Introduction.—Thia is a practical method of experimentally 
determining the number of amp.'turna of excitation to be 
supplied by both the series and tho shunt coila in a compound 
machine "without having to calculate them in the ordinary way 
from data pertaining to the magnetic circuit. The method forms 
an exceedingly instructive one for use in a laboratory, in illus- 
irating theoretical principles, but it is essentially a work* 
“ method, and has the advantages that tho amp.-turns arc 
determined under full load working conditions, t,o. when the 
armature is exerting its maximum demagnetizing influence on 
the field, and furthermore that since tho whole machino is already 
constructed except for those coils, any errors in tho lengths and 
sections of tho various parts of the magnetic circuit and iu their 
obtinjatcil permeabilities are nullified, 

Tho conditions for automatic aolf-regulation by compound 
winding are, firstly, that with the external circuit open, \. 0 . no 
current through tho series coils, tho shunt winding must done 
produce, at tlio given speed, tho full specified voltage of the 
mndiino. Secondly, that on full load tho series or winding must 
supply siirh an oxlra amount of magnetization, duo to tho full- 
load current in its coils, as will main¬ 
tain tho same specified voltage of tho 
dynamo, Thoro aim obviously two 
modes of procedure differing slightly 
from ono another and depending on 
circumstances at hand, namely, (1) to 
compound a machine given its carcase 
ready built up and tho armature ready 
wound; (2) to compound a shunt 
machine by finding the necessary scries 
turns to be added. Consider the former 
conditions first, 

Apparatus. In addition to the 
machine in question—a voltmeter V\ 
switches S and j ammeters A and 
a; rheostats U (p. GOG) and r (p. G99); 
source of* E.M.F. {B) for excitation, 
tither battery or other dynamo, etc. 
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Determinations.—(1) Taka a suitable fiold finmo of tho type 
of machine t. c. one that previous experience shows to 

he of su flic lent flize for tho work, nlw> a *m itttble ready-wound 
Armature, wound with a suitable number of tlmis of a gauge 
sidlicintib to take tho ApnJfied full-load current of the machine 
at an orthudox current density in the coils. 

(i!) Wind the field magnet limbs uniformly with a few tom* 
pornry turns F (known) of thick wiro or lend, anil connect up 
as in Kig, Gfi, adjusting tho instrument* to zero. 

(3) Run the armature at tho specified speed («) revolution 8 
por minute, and with S open c1um> f! v adjusting tho oxciting 
current (a) hy means of r until V rends the specified voltage. 
Then aF nmp.-turns to bo supplied hy tho shunt coils alone. 

(4) Now closo S , and obtain tlio full-load currant A, of 
eperification, at tho samo speed (?i) alx»vc; again adjust r so that 
V again reads Uni fame specified voltage aft bolero. If now 
— the exciting currant, then a t F - amp.-turn* to bu supplied 
hy {scrim + shunt) together; hence - a)F ^ amp.-turn* to 
bo supplied by series coils akmo at tliat voltigo Y and speed («) 

. . . (a - a)F 

or number of jenss turns = - - ‘—-. 


Such a gauge of wire in then chosen for the shunt coil?, that 
with a shunt current of, my, 2% uf A (tho main one) tho shunt 
V V 

resistance = = 50oliuis and tlio amp.-turns = aF* 

100 


If wo are dealing with case 2, in which it is dcsirod to convert 
a shunt machine into a compound one, it elwuld be remembered 
that such an alteration is only possible when tlio Held magnets 
are not magnoticnliy saturated. 

The mode of procedure is then practically tho same as before, 
and i« as follows^ 

Disconnect the shunt and separately excite it, so a* to reproduce 
the same tnrmiiml voltage (at full load) as the shunt {by itself) 
gave with the armature on open circuit. 

If thon tho total number of shunt coil turns = T and the 
shunt currant rose from the original value (a) to tho now value 
(rtj) in order to keep up the mmo voltago at full load qb on open 
circuit, then (« A -«)5T= amp.-turns to be supplied by aeries coils; 
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umi if tlio full-loud armature current is A tlion number of series 
turns = —jj-—, tlio speed being constant oil the timo. 

It will bo obvious that tho method serves to dotermiue the 
windings noecssary to over nMtyjoitff.f, tho exciting current at full 
load being raised until tho excess over the nurmil voltage = tho 
drop of volts in tho mains at that current. 


(65) Determination of the Speed and E.M.F. 
at which a Dynamo truly Compounds. 

Introduction.—Tl 10 present test of course relates to a com¬ 
pound wound dynamo which in ahoady built ami finished. It 
4ius been previously mentioned that a given machine can only 
compouud truly anti exactly to givo consltnil wlUuj$ for wide 
variations of external current, at one particular definite speed. 
Tins owing to the different alterations which a Judinito variation 
of sjwd produces on tho serins and shunt < JharxcfcoiisticB of the 
machine. Thus, if after a machine is built und completely finished 
it is found that the compounding in notcpiilo correct at tho speed 
used in lho udculalmns, which could oasily bu tho case, then 
tha H^KH'd would form a means of dual adjustment and the mod© 
of procedure would he n» follows— 

(ft) With Uig machine connected so as to self-oxeito in the 
usual way, phvco an external circuit consisting of an ammeter 
A, rheostat Ii t and switch »S’ in series with the machine terminals 
and a voltmeter V across thorn. 

(6) Kan tho dynamo at tho speed employed in tlio design, nod 
tako first the npou-circuit volts V and then that at eoiue 4 or ft 
loads between 0 and tho maximum. 

{«) If on plottiug these observations tho Characteristic thus 
formed droops, tho series coils are too weak in their effect and 
tho Bpccd should be raised a little, another set of readings boiog 
taken. 

In this way a speed will be found by trial such that tho curve 
ia a Jimizoiital straight lino or nearly straight between 0 and 
full load. Tho spood and volts at tho terminals now are the 
values required for exact coin pounding. 
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(66) Variation of the E.M.F. of an Alternator 
with Speed at Constant Excitation. 

Introduction.—Tho present lest is an important one, oe 
showing not merely tho effect of Alteration of speed on tho 
E.M.F. develt)[Hxl by an alternator for constant exciting 
current, but al&o ivhother tbe deinn gimtizing effect of tlio 
armature on the field, duo to oddy currents generated in it, is 
producing a porcepliblo effect, :md if so the speed at which this 
effect begins to assert itaolf most forcibly. The c*ldy current 
loss varies ns tho Bqnaio of the sperd for conxlant magnetic 
bold, so that tho results of the test will givo a measure of 
tho adequacy of the lamination of tho iron parte of the 
machine. 



Tin, 67. 


Apparatus*—Alternator 2) to be tested; alternating current 
voltmeter V j speed mdicator and means of driving 2) at any 
suitable speed. For tho exciting circuit, in addition to the 
field coiled of the alternator—a variable rheostat R (p. 599); 
switch S ; ammeter A ; exciting FLM.F, e consisting either of the 
requisite KM.F. from a secondary battery or auxiliary direct 
current supply, etc. 

NJS.—Since in this tost tho speed is variable, and con¬ 
sequently also tbe periodicity of the current, the voltmeter V 
should bo either a u hot wiro M or <f electrostatic” instrument, 
these being the only two types of meters which aro unaffocted 
by the variation of periodicity. 
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ObrtrvfctiOJl.—(1) Connect up m in Fig. G7, and adjust tho 
pointers of the insti uniouta to zero. See that all lubricating 
pups in use feed properly and slowly, and then start tho 
alternator. 

(2) Close S t and adjust the exciting current on A to the 
normal for tho machine by altoring /f, and keep it constant j then 
adjuBt the Bpcod bo as to obtain tho lowest readable voltage on K; 
note ahmiltanrously tho spool and volta go V. 

(3) llopcat 2 for about ten diflVrcnt spoed.% rising liy about 
ixjual increments from tho abuvo value tho highest allowably 

* (a) at tho same constant normal excitation, (7>) at a coax taut 
valuo 50% less. 

(4) ]lcpoat 2 and 3 for the same constant ex riling currents 

with constant full lo:ul dune current in each co/jO ivsppclholy, 

find tabulate yoitr result as follows— 

KjTJE , . , DiTK ... 

AHtiUiUlor : Nf> ... Typo - - - 1UW . .. 

X<-fiiinl Kull-lxunl ViilUt* . . . , 

S'.-iiiml Killing L'lmriit-*- . . . 


1 

K|K*eil 

V'l'tjiyn (IlH Nil Jill) 

Exnlinj; Current 

1 

1 - 

llovx. i»oi mm. 

V 

A Auij'n. 


(0) Plufc curves having KM.F. {». o. terminal voltage) os 
ordiliatrs and speed os abscissa} for each excitation both on no* 
load and full-load to tho same pair of axes. 

Inferences. —Carefully state all that can lie inferred from tho 
results of tho abovo test, and point out tlieir bearing on the 
design of alternators. 


(67) Variation of the E.M.F. of an Alternator 
with Excitation at Constant Speed 
(Magnetization or Open-Circuit Charac¬ 
teristic). 

Introduction.—This tost ia an important one, in that it shows 
the degree of approximate nmgnctio Batumtion of the field 
tuagnota at any oxcitation, and in conjunction with tliu aliort- 
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circuit characteristic will givo a predctornfiinirthm of the reso¬ 
lution o£ an altoruafcur for terminal KM.F., on load. If the 
magnetisation of its Gold magnet in carried too cIo.se to, tho 
point of saturation, then manifestly it will require largo 
variations of exciting current to produce comparatively small 
variation' in tliu KM.F. of tho machine. This, it neod hardly 
bo pointed out, is undesirably and would causo a most 
insensitive form of regulation. Again, it Will ho apparent that, 
if no demagnetizing action of tho nriuntnro on the field is going 
on, the exciting (i. e. magnetizing) current will represent tlio 
magnetizing force ufid form u inouuira of it. This in turn will 
create a certain magnetic Geld and magnetization, and in this 
field the armature rotates or as in the Inductor form of alternator 
this field is inado to change fi*om zero to full and buck to zero, 
and in m doing cuts tho stationary armature conductors. But 
the 13.M.F, generated is cc into of chutigo of this field, and at 
constant speed to tlio field strength itself. Hence the K.M.F, is 
a measure of iho magnetic field or imluction excited, providing 
thcro is no ormaturo reaction. Thus tlio present test will give 
us approximately the curve of nmgnotimtion of tho tUrcuitfor 
field luuguotu, but it must be carefully remembered tlmt this is 
only approximate mid provided tlicre is no armature reaction on 
tlio field duo to eddy currents in tho armature, which should not 
occur when tlio machine is running on no food. 

Apparatus.—Precisely the same as that used in tho preceding 
tost. 

Observation.—(1) Conned up exactly as indicated in Fig. C7, 
and adjust tlio instruments to zero. fSco tluit all lubricating 
CU|X ftieil properly and slowly, and tlicn start tho alternator. 

(2) Adjust tho speed of the alternator to tho normal value for 
tiiat machine, and keep it constant. Close 8 and adjust tho 
oxciting curront {by varying A), so as to obtain the lowest 
readable vultago on V. Nuts this simultoncouidy with tho 
exciting current and speed. 

(3) Repaitf 2 for about ton different exciting currents, rising 
from the procoding amount to the maximum allowable, the speed 
being constant at tho alcove value throughout. 

(4) Take a similar descending sot of observations &b in 3. 
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(B) Tlrjviib 2 and 3 for (coiwtinl) speeds 50% below, and if 
[swsililo 20% above normal, and tabulate jour results us 
.follows - 


Dm , . , 


Alicimltn li'ilrd . . . , Tj[H , , , Maker . . , 

Nnrmni VcfUige-^ . , « Oil fen L . .. Kl*t4 , * , 

Manual f!npitniisCllimit>» . . • 


PjUN’ll 

IF',». jut mill. 

Binl lh« CutTiTili 1 

A Aibp>, 

A'W’ndirg |DcwimImijs 

Turin mil V'.'llagvi 7. 

AiPdiilii'g | HmmuIuh 



1 


(G) riot cur Few for cunli upeod to the tuuno axes having volts 
«n& ordinates anti exciting currents as abscissra, both for 
ascending and descending readings. 

Inference.--State very clatrly nil that can bo inferred from 
your results, and point out their hairing on tbo design of 
alternators. 


(68) Magnetization Curve of an Alternator 
on Full Load—Non-Inductive and In¬ 
ductive. 

Introduction.—While the “no-lwul mngnrtmilion rt curve or 
"open circuit” CJiaracLcmlio of WU an alternator ami D.C. 
dynamo take the same general form, llic curve which, as wo have 
neon, relates terminal voltage of armature with excitation curi-ent 
is different oil full load, and in the case of an alternator depends 
on the nature of the external load, e. whether inductive or non- 
inductive. Thin dififerenoo is iluo to tlio loss of terminal volt ago 
on haul caused hy tlio ukmic rcfiinlunce , rearttt «.-v, and rmdwn 
of tho armature when delivering current ; though only resistance 
causes loss of power. Armature reaction is responsible for dis¬ 
torting and either strengthen mg or weakening tho main magnetic 
field in the air gap, and in due to Armature current and depends 
on the power factor of tho external circuit, while armature 
reactance, duo to the self-induction of tho armature conductors, 
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causes the current to lag behind the induced voltage, though in 
phase with the terminal voltage, and i* unaffected by tho power 
factor of the external circuit. The magnetisation curve on,full, 
load, when compared with that on no load. Affords valuable 
information neoded for tho design of a field regulator for the 
alternator uO give any particular degree of sensitiveness. 

Apparatus. —Precisely that given for Test No, 70, 

Observations. —(1) Connect up as in Fig. 69, levelling and 
adjusting such instruments as need it to zero. Bee that the 
lubricating arrangements aro working properly on Blurting up 
tho motor alternator, which should bo the same as that usod in 
obtaining the “open circuit” Characteristic of Test No. 67. 

(2) With a variable non-induciiva resistance It connected for 
absorbing the output, and with A and r full in, adjust tho speed 
of the alternator to its normal value and maintain this con&Uuitf 
throughout by field regulation on the (hiving motor. Now 
dose S i and >V and reduce 7? until the alternator gives full-lu<wl 
current on A, then note the readings of V, A, and (a) at cwklwl 
normal spml for tliis and a (sericB of exciting ctarcnlti (<c) 
decreasing by about equal amounts to Ihn lowest possible 1 , the 
armature current A Ixdng kept constant by reducing It. 

(3) With a variable inrlurtiw resistance for 77—composed 
either of an adjustable choking coil in series or parallel with 
adjustable non-inductivo resistance, or of a synchronous motor, 
the excitation and loading of which can he varied (trnfe p. 305), 
and the addition of a wattmeter for measuring tho power absorbed 
in 77, Fig. C9. Repeat obe. 2 for constant power factors cos tf> 
of, wy, 0’9, 0*fl, etc., loading and lagging if possiblo, and tabulate 
all your results as follows—■ 


Ailcmttt foil*): Nft. - .., Tj-j* ., lfifcir ..« 

Fall kttd: Volt* • ,. , Arajfc. «... Hpeci] ■ , M 


N»lor»o( ]«u1 
lad. or Kon-Jnd. 

Spend. 

Armutum 

Ev«IUn( 

Aiiijmc. 

o. 

Volt# 

V. 

w.itf* 

w. 

IWn li'jJDr 

Ay 









(4) Flat (from obs, 3 and 3) ourvra of full-load magnetization 
to tho same axes, having volts K oa ordinates with exciting 
currents (a) m absciss®, 
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(0) For comparison replot tho " no-Iowi * magnetisation curve 
obtained in Test No. 07 for the samo alternator on the above 
aiurvo sheet. 

Inferences.—What can you dedneo from the results o! tho 
abovo test) and how cun tho range of field regulating resistance 
he obtained for maintaining constant voltage between 0 and full 
loud on any particular power factor of circuit! What excitation 
is nrccHsary to rend full load short-circuit current through the 
armature at normal Bpecd! 


(69) Determination of the Short-Circuit 
Characteristic of an Alternator. 

Introduction.—Thin characteristic, winch is really till) magnet¬ 
ization cm-vo of tho ultima tor on short circuit, differ a from that 
obtained in Experiment 70, in that in conjunction with tho 
u upon ” circuit characteristic of tho machinr, p, 16D, it forms a 
means of predetermining the M volUigo drop/' ie. tho regulation 
of any aUernator at diflbrcnt external loads and power factors. 
Ju ihis way huge altcmnloi-s may Ixi tested while giving full- 
lead current although requiring very little power to drive them, 

Apparattli. —Precisely that detailed for Experiment 70, tho 
resistance R being capable of variation and of being short 
circuited. 

Observations—(1) Connect up precisely ns in Fig. GO, and 
adjust tho pointers of such instruments os roquiro it, to zero. 
9co that all lubricators in use feed slowly and properly. 

(2) Start the alternator up to normal (.peed anil close 8 % noting 
the readings of V and A (if uny) with R cut out lo short circuit. 

(3) With (r) full in, close («), and adjust the exciting current 
(a) (by varying r) to some small value tliat will cause A to read 
about ^th of the full load current of tho alternator. Now read 
all the instruments. Next open S atul again tako readings, tha 
speed being kept constant at the normal value throng hout. 

(4) Close S agnin, and increase A by about another by 
suitably incroaeitig the exciting current (a), Tboo noto tlio 
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reelings of all tlio instruments. Next open S and again tako 
reading*, the speed being constant at normal value throughout. 

(5) llrpeat (1) for a series of values of A up to 20% above, full 
load value. 

(G) To detmnino the effect of xpoed vaiial'uin on the short- 
circuit current, run the alternator up to max. safe speed and 
r.iisio its excitation until full lu;ul, or 20% over full load, current 
is obtained. Note this current, the spixjd, excitation and 
voltage and also for some ten iliffcnmt sperdn, dcrrttudiig by 
about efplul amount)) to the lowest < mundent at constant 
etcitiitiM t, and tabulate in the following manlier. 

Note.—Tu avoid tlio risk of damaging the armature of the 
machine, especially if a lurge one, the sories resistance II should 
all bo rut into circuit lief ore closing and again before opening S, 
And should be cut out to short circuit just before tab mg instrument 
readings. 

Alienator: No. .. • Tyro ..» Maker . . » 

FuJ) fA«H>utirti6. Au»ii\ . .. . . . Ynlh . . ilv*. Vor Uhl. 

m 1 1 Exi-ilrtf-mn - , Awj*. l'i fluency? ~ prate. 

UiaifaliilK-D («ri hi) ul Ain fitnic + Alilinutu Mid J.ffxln ft a . . . ulnrifl. 

PiiTtftnLtyn Allowance A' (if !»ny) = . . . 

Total Equivalent Hcatat&uc* Jt r — (a -f .,« ohnu, 


S|iooil 

(owi- 

ataat). 

Toriuinal A rrnlii i e Vi>lt*. 

Blimt 

Cut mi 
Arii mIuiq 
Outre li| 

A. 

Dinting 

CimtnL 

0. 

KITVclivn 
V^V-i for 
(Hull Hi 
Ifcftibt. 
Aftr 

Mk> or 
rii^iudiMj 

Vi-ltugu hru]i 
^-(ilAVp 

blu'ft 

QlicOlt 

ftj. 

Oj>m 

I'liniit 

At 









(7) Plot tlio “ short-ciicuit characteristic * having values of (<4) 
as ordinates and (a) ubscissic, anil also the curve having .4 as 
ordinates with sjxrd as abscissae. 

Inferences--Slate all that can be deduced from tlie results of 
tho tost. 

Determination of the “ Voltage Drop ” of an 
Alternator for any given load and circuit 
Power Factor. 

From the results of the above test rnd with tho aid of a simple 
graphical construction, it in rasy to find approximately the voltage 
drop corresponding to any load current and power factor. Thus— 
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JYoin liny point 0 in any straight lino AT net off OJC, to a lOit- 
vcluoiit scale, to represent any dorired “ opcu circuit" voltage of 
tlie alternator nod at sneli an angle 0 to the currant line .AT, that 
tlio power factor (cos. fl) of tlio circuit lias tlio desired value for 
tlio particular load current {= short circuit current X) assumed. 





Fin. 65*. 


Willi contra 0 aiiiI radius OE draw the somi-circlo E v YE Next 
set off along AT, tliu lino 00 = Alt r the amnitura drop ami 
allowance (A) for eddy current loss, corresponding to the same 
main currant A. 

Note .—In small, slow speed machines, the piwer lost duo to 
eddy currents in armature coro and pole pieces is smal J, and the 
effect of this <m the voltage drop is also small compared with tlio 
term AH and can bo neglected. When, however, tho effect is too 
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.large to neglect as in largo machines tlio form AH can be increased 
by & certain percentage (A'} depending on the form of alternator 
and the speed, (as dictated bp experience with this type o* 
machine or by experiment) to allow for the- eddy current effect 
Since the term Ali r is small compared with JE t the error intro¬ 
duced in the Tuhie of the induct ire drop A), through estimating 
the percentage increase of All wrongly, is very small. 

From C draw CJl perpendicular to XY and = tlio short-circuit 
inductive or idle voltage drop A; duo to the self-induction of tlio 
armutuie and loss of voltage due to armature miction. Join OB 
which therefore ■* the Open circuit voltage F, which is necessary 
to ovorcome tho s«-lf-{jul action and resistance of the ai-maturc ami 
lends, for the short-circuit current A assumed. OCR is therefore 
tho right-angled tiianglouf K.M.F.’son short circuit and thonnglo 
COB — the angle of lag betwuen current ami voltage on short 
circuit. Now with centra B and radius OE draw the setui circle 
F, IT,. Then OV ** terminal voltage of tho machine and YE the 
voltngo drop for the main circuit current A mid circuit power 
factor cos. 9. OK and VE can similarly at ouco ho found for any 
othor value of power factor with the »«»« main e.arreut A from 
the intm diagram. A new diagram must, however, ho con¬ 
structed in a similar manner for a different current A in order 
to oltfJn tlio terminal volts such an OF and drop such as VE for 
this oew run-out. Some interesting coses are now obvious 
namely— 

For mom current fogging behind tin milage, 1, o. self-induction 
predominating in the main ciienit. 

(1) For main cii-euit power factors corresponding to an angle <?, 
■= COB, when OJS takes tbe position 0B V in lino with BO, tho 
tcimdoul voltage 0t\ * niiniuium and the inductive drop 
K.N, = maximum. 

(Si) For a non inductive main circuit, $•* 0 and tho terminal 
voltngo OY is in phase, and coincides in sense, with tho main 
current, but will tliffor from the roaultant voltage OB by a little 
more titan 90*. 

For main current leading in front of voltage, j. e. capacity pro- 
dominating in the main circuit. 

(3) For the negative angle 0_„ terminal voltage OK, - opon 
circuit voltage OA’, and thore is no inductive drop. 
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(4) For greater " leads,” the terminal voltage is greater than 
the open circuit voltage, c.y. fora - v " angle 0 3 the termintd vultago 
f*(\V 3 am! open circuit volkigo OK 3 , maximum values of these 
quantities being reached at 0 \\ and OK, whoro the maximum 
iuductivo U:op— K L V, 


(70) Determination of the External Charac¬ 
teristic of an Alternating Current 
Generator. 


Introduction.—This test is for the purposo of experimentally 
determining, for difforeafc speeds and excitations, the relation 



between external current and the terminal voltage producing it. 
By menus of the Characteristic cur vs, as it is called, so obtained 
by plotting tho observations, it can bo seen at a gkneo whether 
tho alternator possesses any aeriofl defeots. It* performance 
wlion running on some particular circuit at gome particular 
speed and excitation is also easily discernible therefrom* 

Apparatus.—Alternator J) to bo tented ; Bwitch S; alternating 
ammeter A ; and voltmeter V ; nou-imluctivo resistance K, which 
should preferably consist of cithor a bank of glow-lamps (p. 
698), carbon (p. 597) or water rheostat, all of which avo non- 
inductive j in circuit with tho exciting coils F— a rheostat r 
(p, 59D); switch &\> ammeter (n); and source uf direct current 
€ T'otn Bocnndary cells or otherwise; speed indicator. Watt¬ 
meter W (not shown) for measuring tho truo watts absorbed 
in k when this is inductive. 

Observations.—(1) Connect up as in Fig. 09, and adjust the 
pointers of all the instruments to zero, if necessary. 

N 
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(2) Start tho allovnator up> scoing that all luhrirating arrange 
mmita hi uso food property. Close Acljn iding IxitH tho Kpcod 
and excitation to tho normal for that machine, 

(3) With this CAc'tfutioit at id ennatfutf^ lako, by varying 

It, a f*et of raiding* for nlxmt ten diObrenl vuIuoh of external 
current lM*twix.*n 0 and the maximum pornus&ible, differing by 
about equal amounts, and note the simultaneous readings of V 
ami A. 

(4) Repeat (,1) with the wmie normal excitation, but for constant 
speed f>0% below normal. 

(n) Itepeai (3) and (1) for a different excitation, say, 50% 
lower than normal, and tabulate all results in tlie accompanying 
form, 

(C) Mroiiitro tlie resistamv of the armature, warm, ly tho 
" Potential Differ nut t” method («oo p. JU), or by tho ammeter 
voltmeter method, p. 6G. 

n\ nx.., imu,,, 

Alternator Iwtrtf; No , , , Tyj-r , . . Mnkrr . . . lVr«»lit ixn Ilrvol. . . . 

J?uio*l YoU»» . Atjijs . . Hind . . }»-■?* x} miiiittii'j. 

Ai mal'ii u; iklF-indui-licni Jinny ulnjiic Itfsintancp Wum * 4 .,, 


8|i«wl 
R#vi. jier 
Mill. 

Ktritlnjr 
Liirr«ut 
(a) Aiii|a. 




Ayr- 

W*Ht 

A y I 

iViwi'i 

F*U 

'"V- 

a/ 

JinHn’lion. | 

Yells. 

r. 

Amv*- 

J. 

Vu(U 

ll\ 

lltoialanrr. 

n.M.r.! 
IM j 

i 
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(7) l'lot the estrriuil ('htwncUvUlic curves for each spiked and 
excitation having terminal volts V” ns ordinates and current A 
through armature au<l external circuit us absciss*, in each case 
(are p. 3 on curve plotting) using the some pair of axes ami curve 
sheet. 

(8) Reduce the total Characteristic curves of the machine from 
the “ Oltcmul" ones in 7 nhovo by means of tho graphical method 
given below. 

Inferences.—Very carefully state all that you tan infer from 
your experimental results, and show in what way the above 
curves indicate the Jarfonnance of tho alternator, and give an 
idea as to the goodness of the efficiency. 
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Graphical Determination of the Total Char¬ 
acteristic of an Alternator .from the 
External Characteristic. 

The total Vhtu nctirhrtiQ of an olectriral generator is tlie curve 
showing the relation between the total EM.t\ iu vollg genorated 
by the machine and the total wmalnre current iu amperes. 

Analytical The atm ent. 

Jlufetnng now to tho preceding dingi-tan (Fig. GU), let L ---• self 
induction of tbo avimituro in henries — 

= olimic resistance of tho armaturo in ohma, 

= ohmic mdstrinco of the external circuit, assumed to he 
non-inductive. 

p*s angular velocity of tho uliomating cniYOtit = 2wn. 
frequency or periodicity In per sec. 

If then a current A flows in the external circuit at a tovminal 
voltage V and total E.M.F. of tho generator, 

a; 

then A = V/y+(*but AII ] 

licncc J?--> t/ L- l i i A'-+{R*r'j‘A' 1 ~ 

Consequently wo sco that the total KM.b\ iu volts generated 
by the alternator la represented by the hypo then use of a right- 
angled triangle, of which tho othor two sides represent the 
inductive K, M.F. necessary to overoomo that of self-induction, 
and {/fr a + 7)—tho offcctivo KM.F. ncreRsary to send tho ciuront 
A through the ohmic roaiataiuiO (A' + r,*), 

If A" = immbei* of periods per revolution of tho armature, 

A'W ... . . , „ KjV 

then = tho frequency in v> per see. 5 wlionco p — Zr^* 

where JV-number of rovolution9 por minute tlio orniaturo is 
making. 

Having thus obtained an expression for the total KM.F. 
of the machine firmly ticivlly, wo will now proceed to deduca 
it graphically from our external Characteristic, 
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Orihiioai. Theatuknt. 

Lot xy represent Ibo oxfcornnl Characteristic plotted to the 
■Octangular axes 0T and OS, of which the former represents 
voitago ami tho latter current, reaper lively, (Sec Fig. 70.) 

From the point 0 or origin draw the straight line OQ surli that 
tan. QOS” r 0 , aud also draw ibo straight line OF such that tan. 
POS—Lp for the particular speed at winch vy is taken. 



Take any point ft on the external Characteristic ry and 
through it draw an ordinate .17 NS catting OV, OQ and OS in tho 
poiols G, II and if, respectively. 

Set off ND = BH and J1C = E(I and join DO, wbieh therefore 
■elf. Lastly, mako BE” CD. 

Then E is a point on the total Characteristio required. If this 
construction is repeated for several more points, such as ft on xy, 
we finally obtain a series of points such as E, and on drawing a 
mean curse through them nil wo obtain tho required total 
Characteristic *». In this construction it will he noticed tliat— 

Eft” the terminal voltage (V), 
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EG~BC -the inductive E.Jt.F. (IpA). 

)iH**ND- the effective E.H.F. (Ar.). 

• DEC is consequently » right-angled triangle, and 

hence LG=E- y/RC 1 + Hl) 2 ~ V(^d)'+^'+f) s . 

Probably a tetter mwie of proecduro ami ono uulteqmring the 
nso of a piotittctor in obtaining tbo correct angle at which to set 
off OP and OQ is to iinst take any point N on xy, obtain the 
ordinate JJNB and set off BO'— the current OB x Lji, also 
x r,, then joining these points II ami 0 to 0 we 
get the requirod lines 01 IQ and OOP respectively, after which 
‘ proceed as above. 

(71) Determination of the External Charac¬ 
teristic of an Alternator for different 
circuit Power Factors. 

Introduction.—The circuits which have to bo mi pplicd from 
alternators, in ordinary commercial work, are invariably inductive, 
posse&iug cither Golf-induction or capacity or both. As the 
inductive?] es3 of the circuit affects tho terminal volt ago of au 
fillcruator,—self-induction causing the characteristic to fall and 
capacity causing it to rise, it is important, to bo able to dotermmo 
the characteristic for any power factor of tho circuit, whether the 
current Tugs or loads with respect to the voltage. 

Lay<j in$ cwrenti cau daily ho obtained with any power factor 
by suitable combinations of scl Mud action and ohmic roestone?, 
as for example by 1 carbon rheostats and continuously variable 
choking coils or dimmers. 

Leading currents cun bo obtained by inserting along with, gay 
carbon rheostats (1) a number of condensers poRAe&riug consider¬ 
able capacity, (2) a long length of concontric cable, (3) a synchronous 
a.c. motor with Helds excited so that the back E.K[.b\ of the motor 
exceed# the voltage of the a t<mafar* This is by far tho moat 
convenient method, for any load can easily bo taken from tho 
alternator by either braking the motor pulley or making it drive 
a d»c. dynamo at various loads. It cau be shown that over-excited 
synchronous motors cause a leading current to Jew In the circuit 
supplying them, and hence produce tho same ofTeot as 1 and 2 
above. By adjusting the excitation of such a motor any lead cau 
be obtained within limits. 
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Where the only means available for obtaining foyying power 
factors is by varying combi nations of self--induction and oliunc 
resistance, or for obtaining l&uliiuj V, F.s is by varying tuitf- 
binaticm* of capacity and ohmic resistance, it is a very tedious 
process t j try and take a series of readings of output current 
with terminal voltage tU c&wlaut l\t\ This is obvious since it 
entails varying the inductive and non-induction unctions of the 
load circuit so that they ul ways bear tins aanw ratio fa) one 
another, ah only this will keep constant in value, since tho 

■», „ . ohmic resistance T , . . , 

r.l'. or cos &■=--, -.-. In other words, trial com- . 

imped alico 

binations would b:ivc to bn repeated ly made and tlm value of 

W 

worked out for each, to seo if it hod tho desired value for 

AV 

cos For this reason tho following method is better, and is 
applicable to any appliance capable of giving an electrical 
output which has to bo absorbed in an inductive circuit, Since 
the output obviously comprises (nm[H A X volts K), both of 
which are variable simultancouHly between 0 and full haul, and 


A = . or Y =: A X impedance, it follows that A will bo 

impedance 

constant if V and tho impedance vary in tho sanio proportion, 
while V will be ronstant if A and tho impedance vary in inverse 
proportion. Thus if the iud active portion of tho load circuit 
is adjusted to max. value, and the non-inductive portion in series 
or parallel with it (whichever is fount] most suitable) is varied, 
it is possible to obtain different values of A corn ^ponding to 
different values of cos <f> at constant V, or dilkfcat values of V 
corresponding to different values of cos at constant A, and a 
curve can be plotted between cob us ordinates arul tlio 
variable as abscissa?, If, now, the inductive portion is made less 
inductive and the non-inductive part again varied, a new value 
will bo obtained for the constant and a new serios of values of 
cos tj> and the variable obtained, which will give a second curve 
with cob <f» as ordinate and the variable as abscissae. 

Iterating the process for some five or six degrees of iuductivo- 
ness, giving thwefur© ns many values of the constant and 
corresponding curves between cos and tho variable, wo can 
utilize theso auxiliary curves to obtain tl» same number of 
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curves between 7 and A each at any desired eonrtaut jmeer faster 
(cos 4>) within the limits producod by tho range in drgisn of 
sndactivencss used. As ait example—Suppose A is the constant 
anti 7 the variiible with co« i/>, anil that six auxiliary curves, eaeli 
obtained foe, and marked with, the correspoiuling constant, are 
plotted on tlio same shoot. Now to obtain tlm curve between 
V anil A at, say. Oil power factor: note tho sis j«oints or 
voltages nn tho volt scale cut by tile ordinates through the six 
points of intersection between the single horizontal lino through 
the O il mark on tho cos <j> scale and tho six curves. Then tho 
six voltage values so found, plotted against tho six constant 
vnlues uf A marked on tho rospuetivo curvus, will give the 
desired relation between A and V at a constant power factor 
cos r,S - - II''1, 

Similarly, a cur Vo U-twecn A and V could be drawn for 

cm ^ .. () s, o 7, O il, otc. 

Apparatus.—Tho tamo ns that dcUilcd for Test No. 70, 
except that tho haul resistance Jt must now comprise a variable 
seif induction and variablo non i . lactive resistance, anil tluit a 
wattmeter W must bo inserted so aa to givo the truo watts 
absorbed in tlm whole circuit, 

Observations.—(1) Connect up as in Kig. (ID with the slight 
modifications just mentioned. Level and iulju.lt tho pointers of 
any iustriimenbi needing it to ecru, and hoc that the lubricating 
arrangements arc in operation on starting up tlm machine. 

(i) With <V closed and with IkjIIi sirilaliM and e/iecd adjusted 
to tlm normal valun and maintained rouatmU, vary the pro- 
]x>rtions of heavy Bolt-induction and largo ohmic resistance 
in tlm main circuit, so ns to obtain some six different volt¬ 
meter and corresponding wattmeter readings for each of five 
different but eomtajiL alternator currents A , differing by about 
eijual amounts botwren 0 and full load, the. satno value of main 
current to be obtained for each of llio six readings of a set. 

(3) Plot five carvos one for each of tlm live constant values of 
maij current, each having the terminal voltage of tho alternator 
as abscissas and power factor (obtained by indicator or wattmeter 
and volt-ampores) as ordinates. Mark on each curve the constant 
main current at which it was obtained, 

(4) llopcat obs. 2 and 3 so as to obtain a Bimilur act of five 
curves tor leading currents of tho same magnitude os previously 
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used by varying the load on the synchronous motor and its 
excitation, and tabulate as in Test No. 70. 

(5) Plot tiio external characteristic curves having volts* as* 
ordinates arid currents as nliscisse for power factors differing by 
01 at a thus between l'O and the lowest obtained in the curves 
between voltage and power factor (3) to (4) above, each curve in 
(3) and (4) supplying one point only in each of the characteristic 
curves corresponding to the current and voltage, and tlio power 
factor for which the particular characteristic is plotted. 

Inferences. —State clearly all that you can deduce frum the 
results of your tests. 


(72) Variation of Exciting Current with the 
Armature Current of an Alternator to 
maintain Constant Terminal Voltage on 
Inductive and non-inductive Loads. 

Introduction. —This test is a direct measurement of the range 
of variation in both the resistance and currant of tlio field 
regulator required to maintain constant terminal voltago fur 
any range of load, and which can otherwise be deduced from 
a reference to the external and magnetisation characteristics of 
the alternator when available. 

Apparatus.—That detailed for Ti-st No, 70, with the addition 
of an adjustable inductive resistance fur combination with R, 

Observations.—(1) Connect up, as in Fig. 00, with li non- 
indwlka only at first and the wattmeter inserted as a chuck 
on the product .1 X V. Level anil adjust all instruments, which 
require it, to icro, and on starting up tlio motor alternator see 
that all lubricating arrangements are working properly. 

(2) With the HjHicd and terminal voltage each adjusted to the 
normal value and kept constant—the former by ogulation at 
the driving source, and tbu latter hy field togulation of the 
alternator—first note tlio value of oxeiting current (a), on open 
main circuit, and then with S closed for each of a series of 
8 or 10 anna*lire currents, A rising by about equal increments 
to full load by adjusting the non-inductive resistance It, the 
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field regulation of llio alternator being adjusted so as to keep V 
constant with the speed constant. 

■ (8) If'ilA Jl note indue tier, and tho same valuo of speed and 
voltage as in oIm. 2 maintained constant, adjust the inductive 
part to its maximum value and vary the non-inductive part so 
as to maintain the main current A cGH&tniit at about (platter 
full-load value 1 , the held cure-fit being correspondingly varied to 
keep V constant. Nolo thu readings uf A, V, IT, and (n), 

(I) lie}Slut (It) for the sumo speixl and vollage, but fer 
constant values of A of about half, llirco quartora, or full load, 
and tabulate jls in Test No. 70. 

(i) Plot tho four auriSiar;/ cneost (vido p. 182), having power 


f,idols, cox. 



, as animates, with exciting current (n) os 


aliseisfer, for each of the four constant values of A resja-ctivcly. 

(G) By interpolation and transfrivni-u, plot the dashed relations 
lictween exciting currents (a) ns ordinates, with maia eun-ents 
(.1) ns .'discivco for non-inductivu load (oils. 2), and for inductive 
load (ehs. 3 and -I) at constant power factors of 0 S, 0-8, etc. 

Inferences. —Slate clearly nil that can he deduced from a 
study of tho shape and relative dispositions of tho cuivca in 
(fi) above. 


( 73 ) Determination of the Efficiency of an 
Alternator without running it on load. 

Introduction. —The preceding method, Although n direct one 
for obtaining tho efficiency of any generator by measuring the 
II.P. absorbed in driving it anil tho output in tbo usual way, 
inquires somo type of transmission dynamometer and baa tbero- 
foro a limited application on account of tho difficulty of measuring 
tho large ll.r.B in the caso of large geneiutors. While small 
alternators can be touted in this way, the method of driving the 
generator by on electromotor (preferably direct coupled) liaving 
a known efficiency-load curve, is mors accurate, and also has 
a much more extended application in rang© of power. The 
power supplied to tbo motor x by its efficiency at that load 
“ the power taken to drive tbo generator. 
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Both methods are however rostly of application in tho caso of 
the larger generators and on arrangement similar to Swinburne's 
Test No, W would obviously bo preferable in many ways. » • 

Further, if while absorbing (from an outside supply) only a 
small fraet'on ,«f its rated full-load output, tho armature of an 
alternator carries full load current at normal excitation, Ixrth 
tho losses and tempi-mi. uni rise can bn determined at an 
ccnnoinieal coat of energy oimsmned in tho tost. 

From tlio fundamental principle that, in any transforming 
device 

output m input — total internal loss 

wo seo that if the losses can bo obtained in tlio vavious portions 
of the alternator, the input and ellieicucy aro nt onco dcducible 
and that the method is applicable to any eizo of mnehiiio, however 
large. 

Tho total internal loss in nn alternator is made lip of—■ 

(а) The total copper loss lK t * in the armature windings, 
thus*— 

If C m = tlio cunvnt per jJvw of armature winding 

and a*, tbe miafonre ftr phn#i „ „ „ 

the total coppor loss IK C in tho armature of a—smglo-plm&e 
alternator = of a iwo-pkis© alternator = 2(*Jr n ‘ i tmil of 

a three-phase alternator — ft2.fr,,. 

(б) Tho total power absorbed in excitation IV A . Tims if C* — 
tho exciting current employed at a pressure of V s volts, then 
JKj *=> Cg t Vj. 

(c) The total power abBorhed In uicdmnicnL friction W Hr and 
made up of—windage, bearing friction, brush friction. 

(d) The total power spent in magnetic friction made up 
of—hysteresis and eddy currents in field and armature cove )V ir . 

Then the total internal lose IV* = IV C + W M + W Mf + IK T4 * 

The last two lessee, which may bo termed the stray power, may 
bo detcrruinixl experimentally at no load by running the alter¬ 
nator as a synchronous motor, light and unloaded, and 
measuring tho power absorbed by wattmeter. 

Apparatus, —Alternator D to bo tested, capable of being 
driven at no load and normal speed by somo outride source of 
power. This might preferably bo its direct-couplod exciter, if 
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thore is ono, and provided that, when used as a motor, it is 
powerful enough, or, in tho absence of this, a direct-coupled 
•jndlor J/ of known efficiency. Tho ueewsuty switches; a watt¬ 
meter having a range up to Kay 5% of the full load of the 
alternator; an ammeter A; aud a voltmeter K in tho case of 
single-phase alternators and of two- and three-phase alternators 
with equally-balanced phases* Two of cadi typo of instrument 
will be needed for two- and three-phase machines out of balance. 

Obwrvfttiew,—’(l) Connect up us shown in b'ig. 71, adjusting 
such of the instruments as need it aud assuming tho alter¬ 
nator /) to bo a thretvpliR'iB machine for instance. Hoe tliat all 
lubricatovs feed properly. 



]-jo. 71. 


(2) To run D as a synchronous motor from some o.c. supply 
Q of tho normal voltage Valid frequency developed by D. First 
start tip 1) to its normal njsxxl by means of J/ and adjust its 
exciting current C g so that ita terminal voltage K“ that of the 
supply Q. JS Z j S v being open, but S t shorUid by a wire and 
j>S| by two synchronizing lamp (see p. 441) not shown, close this 
three-throw switch at tho instant when lumps are out and At 
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onca open & Tlio alternator D will now continue to run as a 
synchronous motor at normal speed, frequency and voltage. 

(1) With I) running as just mentioned, adjust its exciting 
ourrent C\ by the rheostat It so that a minimum intake current 
A is obtain' 1 and henoo maximum power factor, and noto the 
wattmeter readings IK, and 1K S end all the other instruments 
and speed. 

Then IK, + IK, - 3Ab. - 1K„, + 1)^ 

These losses are approximately constant for all loads, slightly 
increasing as the lomt increases duo to change of induction 
through increase of excitation for voltage regulation, and to 
armature reaction in the normal operation of the alternator. 

(1) With the «(»i! normal supply frequency as in obs. 2, and 
utmo tMitiUiou on found in obs, (3), increase the sopply vollago V 
(by means of tlm Held excitation of the supply (,<) so as to 
obtain a series of supply currents A rising by nlxr.it equal in¬ 
crements front the valuo found in obs. (3) to full load, unit noto 
the readings of A V and IK, IK, at each. 

Note.—Tho synchronous motor I) will run throughout obs. (4) 
at constant normal speed but at a decreasing power factor, as 
was shown in Text No. 106, and since thu excitation is ennstunt 
at normal value, Ibe losses (IK,, H„, ■- IK,,) as measured by 

IK, and IT, will bo the same as fur tho machine used ns an 
alternator when giving tho same current loads from its arinuturo. 
The excitation loss TK A is also known, and the tolul internal loss 
at all loads can therefore at once lie found and tho etlicioney 5 
obtained from tho relation— 

J _ output _ 

— output -f leases' 

Tlio accuracy of tho values of efficiency (2) thus found will 
depend on tho degree of accuracy with which the louses, in 
obs. 4, can 1« measured; this latter may not be high on account 
of tho increasing inaccuracy of wattmeters on the lower power 
factors. 

(5) If necessary, find the rise of temperature of the muchino 
after a six hours' run on full-load or other desired condition. 

Tabulate your results for the precoding test os follows— 
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llkttmknr; No. . • ■ TyfiO . . . Maker , » . 

Fj. 1I Lntil: Ainj>p. — . ■ . Vylla =, . . tJpwO =- . ■ * Yiviucnry =* «■ * 
« fti'*n1 antra: Armature |i?r r m — . .. Field =» ..* 

V^llHietor CoMitrtliU ff| ^ , A'.j— . . , 


KiclUng 


III 


WsMinolflil 

I U^H. 


f'l. ITj 


.It 

es» ti 1 


£3)t 

►iff 


s r 

r u',-* 


1.6 

l-t 

S 

1*^ 


i 


fi 

G 

A 

!- 


Plot Iho cfficioncy-loiul curve o£ Mtc maohino considered a* rm 
alternator having values of efficiency S na ordirmtcn, and values 
of y/^AV (calculated for each value of A in tho table but ut 
normal voltage) M output ab P.F, = 1. 

The separation of the losses cun be obtained in much ilio Rama 
way or that indicated in Toil No. 77 for direct current machines 
by the use of the motor M in Iho following way-— 

(4) Witli S v &, 8% and S% both open, niD the alternator ut its 
normal speed and note the readinga ( rt 1 v l ) of a and v. ]f y x = 
iho efficiency of M at this speed and load, then y 1 « 1 w 1 = tho 
power nlsorbod in mechanical frictions sinco with Iho Oelds of 
D unoxcitod there will ho pmcticully no iron loasos. 

(fi) Next close &s and adjust 72 so as to givo normal full load 
exciting current. Vary T so as lo obtain Iho same speed as 
beforo and noto tlm readings of a and v. If y„ => tho 
efficiency of M at this load, Mum y^ 1 v l ^ \V K , -p W ly and liouco 
tho iron losses \V ir = - W&p 

Having now obtained ilio iron and friction losses tho 
offirioticy can at onco bo deducod for all assumed loads. 
Tabulate your results for Tests 4 nnd 5 os follows— 


CradiiHilei nl Motor If tt Spec! used; (at toil s 


. ; (lit l< ail ^. . , 


AHainsItiMinOxcjU'l 


Uea-llogof 


Amuirlcr (u) 

BJ. 


|VolLuic>1er(r>| 

*1- 


r***= 


AiUrualor KxvUoil. 


AuuiiDkr <o) Voltim tsr (p) 
Ofr *» 


Fi Ectioti -f 
|Ii»n Lo®*= 

»>- 
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lbs determination of the iron losses at any speed by the 
retardation method eon be undertaken iu alternators lioving 
sufficient inertia dr momentum in llirir moving portion tq 
preveut tiiem slowing down (o rest too quickly Tor readings of 
speed to be taken at intervals. 

(IS) With S u iSjjijand S M both open, run I) at normal speed by 
means of M. Tltou at a noted interval of time, the speed beiug 
at normal value, open S and note the speed hy tachometer at, 
say, | minute intervals as tho alternator l) slows down to rest, 
the motor M being of courso unexcited. The retardation in this 
tret is duo to 1"„., 

(7) liopcat (C) with ] 1 ^ and foil load exciting currents 
C s by varying li. The oioro rapid slowing down in this test 
is duo to W'nf + W IP Tabulate yonr results as follows— 

Valin of IT , | ll's - IJPr. (ftoui K\p. J). 


[Alternator Unc\c>tt*l. 

Alternator ItTCik-d 

V.itncs of 

A«'luu1 

Tlmca 
t.tu !* . . 

Scroll 
n, ui, *2 ,. 

J5xciti njj 
Cm mut 
C' L . . 

Turns BiH'dda 

i, b. Ij. - n.ni.nj.. 

Avcniro 
IT* = 

T 

V 

nn.un 
PoWiT ttl 
WjiIU 
nbhuibud 






_ 


Plot curvoB for C and 7 hot ween speeds as ordinalos and timos 

i r 

os abscissa 1 , and between - * ns ordinates and averngo speeds N 
as abscissa*. 

Tho rationale of the retardation method is as follows— 

Let I = the momeut of inertia of the rotating system in 
C.Cx.S, units, or, gramme—cmJ about tho axis of rotation, and 
let W bo its angular velocity in radius por sec. Thon tho 
kinetic energy ol the wholo system or energy of relation 
K e = iy-I ergs = 1 (drii)-/ where (n) = speed in revs, pier secoud. 

Hence He kinetic energy = 1 (-—) / x lfr" 7 

^ 548 10~ ls k 5 / Joules or Wat t seconds, 
where (n) is now in revs, pier min. 

If now (ii) i -- tho normal spicod of the alternator at the instant 
t of opieniug s and n,, n, . . . the succossivo speeds noted 
at times !„ r 2l (, . . , from the instant (t) when slowing down 
commences. 
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Then the energy expended or work done in the first interval 
of time iu overcoming rceirtoneo is proportional to 

, . 518 x 10 »7(«s-«,s) 

and the mean power absorbed |f £ = ->I8 j<J0 J( u- - n^ ) 

1 “ *1. 

at an average speed y -■ —— 1 revs, per min. 


Ify 

liy pi utting a curve between values af -j- for successive 


speeds and intervals os ordinate* and tho corresponding average 
speeds A' for successive pairs, of R[3ccds as abscisae, wo can get 
the loss at any speed, and that at vnrmdl j/vo/ by tlio point of 
intersection of the curve (producod backward*) witlf the full 
speed ordinate. 

Note.—Sinco / i* a constant but unknown quantity» the 


ordinnto* of the cuvvo aro the values of - 


W* 


nnd the ordinates 


do nob tlici'cforo represont actual watts, but — waits v a con- 
6taut (/). 

From OlvM*rvation 3, however, wo know that this normal 
speed ordinate = + IKj - 3dV„ the total friction and iron 

losses. TTonco tbo value in actual wails of any other ordinate 
corresponding to any other speed is at once found by simple 
proportion 

From the abovo data compile tho following gcnoi-al table— 


.Mtcrnalnr- Fo. . . . T\ (wi . 4 . Maker . . . 

Full Lai]: Aiuj a. “ . . . V«||» F» , . . Njicnls . , , Rnnwmcj’i: . . , 

RrtMniicn; AirmitUrd prr plmsg fg ■ , . , Vjulil f>= , , , 


tL B 

J.£ 

IjOnauH, 

3i 

ft 

& It? 

Ofc E 

o a 







|51 

3 “ 

ExrILatinn 

Arinttiini 

Fiictioti 

T<>Ul Wim 


e L 

St 

i 

Ct.Vm=)yg. 

5 BV. 

ifmw + rtt* 

■' V. 

IVC+II’M l-JT. 

|fc 

“i 










P?ot tlio load c/Tifioney curvo having cfliciuncy as ordinate and 
Wo as abaci ssto. 
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(74) Efficiency and Internal Loss Test of a 
Pair of Alternators (by the Hopkinson 
Principle). 

Introd-Ctum.—-The following method is available when two 
similar alternators, as nearly alike in output as possible, aro 
obtainable. It is Analogous to tlio Hopkinson test of a pair 
of D.C, dynamos, and has the double advantage that all tho 
measurements aro electrical ones; and also that while both 
alternators run under load conditions, so far as field and arm¬ 
ature current is concerned, ttw.li* is running at only a fraction 
of Us full 1\.W, capacity, an<l consequently tins power taken 
from the necessary outside supply is small, even in tho caso 
of tlio testing of largo alternators. Tho method farther loads 
itself most conveniently to the determination of the tempera¬ 
ture vise of each machine under the samu heating conditions as 
would obtain if each wm run for, say, six hours at full-load 



Output, but with far greater economy in tho cost of energy 
consumed from tho outside supply. 

The test run bo can led out with tbo two alternators umler one 
or other of two conditions, vi& (1) when they are not mechanically 
coupled together, or (2) when their shafts are in accurate align¬ 
ment and rigidly coupled. Jn each case (a) tbo alternator to be 
used as a generator (say DJ must bo cither belted or (prefer¬ 
ably) direct coupled to a small direct-current motor J/j having 
a known “elfieitucy-load M curve at the speed to be employed; 
(6) tho second alternator J) 2 must be electrically connected to 
J )j and run as a synchronous motor from its supply; (c) an 
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Additional driving source of power (which might bo anuther 
D,& motor M t ) will bo needed to run J) 2 into synchromsm, and 
^flivwords to be disconnected if possible. Now, although undor 
condition (1) above, the power factor of the circuit between 
/>j and will dccroaso as the circulating current increase*, 

any error that might be introduced from this cause, and refcired 
to in test No. 73, p. 18$, is eliminated in the present test, as the 
lows aro now measured in the D.U circuit of Jfj instead of 
lkdug obtained from the readings of H r j and W r 

Undor condition (2) above, however, iu winch the shafts of 
D x and I) q are rigidly coupled, the P. F. of the circulating 
circuit remains constant for all currents with any particular 
bolting of the half coupling*. If this bolting am be varied, 
thru each cimMtunt value of the P.F. can ho varied fiom Unity, 
when tlie half coupling* an*. lulled so a* to make the E.M.F.s 
of /)j mid 1) differ by 1*0° in phase (he. when in direct op¬ 
position of plume), to zero, when one half coupling is bolted with 
an angular difference relatively to the other half coupling equal to 
tho angular pilch of the alternator Odd. Th rough out this range 
llio alternator with lliu greater excitation a ill bo acting as 
generator, 

Ohviou.dy with the rigid coupling of condition (2), the two 
alternators must not only bo similar in output and voltage, hut 
must also give the rum? frequency at the 8(nne *yww/, whereas 
in condition (1) their frequencies can ho different if necessity 
arises. Further, the general applicability of the present method 
ia questionable, e.g. iu couditiun (2) the alternator i) 2 must bo 
coupled either (on the left) up to l) v or (on the riglitj up to tho 
other end of so that either I\ or M i must hove a shaft 
extension each end. On the other hand, the test under con¬ 
dition (1) will need a second driving-motor A/ ai which for the 
highest accuracy should bo capable of disconnection from J) % 
after this is synchronized, These facilities may bo obtainable 
in certain works, hnt seldom exist in a college laboratory, 

Appaxatw. That depicted iu Fig. 72, where R x R t arc field 
regulators for adjusting the exciting currents in tho fields I\I\ 
of D-J) v 

r x r t Are starters or main circuit adjustable rheostats for tho 
motors J/j.1 f r 
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arc aynclilending lamps made for voltages equal tliat 
per phase of the supply. 

IS is a P.0, supply, and three-phase alternators are assumed 
for test as presenting slightly greater complieatibu iu connection 
and test tl an single or two phase machines. 

Observation!.—(1) Connect up similarly to Fig. 1 2, but with 
any modifications which tho facilities available in machines 
necessitate. Level and adjust to zero nil instruments needing 
it, and ou starting up see that all lubricating arrangements food 
properly. 

(2) With I )| running at normal voltage V and frequency, 
Synchronize D t by obtaining equal milages as V.V., and closing 
SSS at the moment when LJ, % are ilefiuitely out. .V, (if nsed) 
being disconnected electrically and mechanically, if the latter is 
possible. 

(3) Next adjust lt } so ns to malt A a tnijiiainni fur constant 
normal twines of both V ami the frequency, 

Note tho readings of all tho instruments and the speeds of 
Z>j and J) v 

Then tho output of jl/ 1( or power required to drive Z>j 

r= = the total internal mwiiinj lottti (Up -f IIsjp -j- IFfp) 

(see p. 13d) in D l and D t together (excluding excitation losses 
in DJ) t ), 

Where e — tire efiicioncy of Af l at this load and sjicod (from 
curve), 

-A— = the losses in cither alternator, 

2e 

(4) Now reduce the excitation of by tire sarno amount as 
that of }\ is increased, so as to obtain a series of main 
circulating currents A, rising by alrout equal increments up to 
tint full load current of the machines, and note the readings of 
all instruments at each value of current X. Then the increased 

value of — the losses in either alternator at the respective 

current values A, where (s) has an increasing value at each 
load as taken from tho cffieicncy-load curve of Af v Adding half 
the total exaltation loss, viz. j (,1 j ty — 3 jK 2 ). to the above loss, 
we get the total internal loss [fj (p. 186) corresponding to each 
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of tho current A, and which will bo practically those which 
would exist if either machine was supplying those currents as 
qii alternator at the same speed and voltage. Tabulate all your 
results as follows:— 


Alt* mlnr ]>i: & ■ .. 

. Tj L* . . ♦ 

Mali at . . . 

Al mat. Hu. f«t |<liasD r« ■ 

Full Load: Am j«. . . - 

YultiF,- 

. . . 6i>t»l 

™ . . . Finmiwj ■■ , . . 

Fitl.i Urn r#= 

Alternator Dj ; No. " ■ . 

, TrP# ■ • . 

Maker . . . 

AnrnL IVm. par plitae r« — 

Futl 1 oad: frn\n. «* . . . 

Volt* y, - 

. . . S| acd =. 

•as. Field Ku r,<s , , , 


Willtm-KrCliutLiUth Kj w ... - . . . 

InniiiR Uoloi J/j: No “ ►. . Full f/OHd : Ami* *» ,. Volt**. — ♦ . „ S|^h| -- . . 



(5) riot the efficiencydtxul curve of either machine considered 
as it a alternator having values of 3 as ordinates and values of 
load VJdIg as abscissas. 

Inferences,—Clearly state all that can be tleducod from the 
results,of the test. 

JTote.—If the wattmeters IFj and JF, (which are not really 
essential to this tost, and only useful, if available, for observing 
and comparing certain ipumlitius) are omitted, the eight columns 
in tho table, necessitated by their use, can also be omitted, 


Determination of the Distribution of 
Potential round the Commutator of a 
Dynamo. 

General Remarks.—On considering tho action which occurs 
with a tangle turn uf wire on a coreloss armature &s it rotates at 
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a uniform rate through ono rcvalulion wo find that, storting from 
ii. position O’, which may be termed tho zero position, when its 
plane is perpendicular to tho dii'ection of the lines of force <lpe tp 
tho fixed field X$ (Fig. 711), it® E.M.F. in 0, boeause it is slipping 
through and not cutting these lines. When it gets to 110', tho rate 
at which it cuts the lines is a maximum, and this decreases round 
to 180' ngain, when the E.M.F. is 0, and after then the effect is 
simply repented. Tho zero position nit is tho neutral axis or 
diameter of commutation for uo current in tho coil or armature, 
while lilt is the line of icsullant magnetization at right angles to 



Fie. 73. 


pit. In fact, tho E.M.F. generated in tho coil at any position in 
approximately x sine of the angle of rotation from no, and, ns 
wo have scon, is zero at 0‘ and 18(1*, and a maximum at UO’ and 
270'. If the coil he wound on an iron core, carries a current, and 
is mode to rotate, it will react on the fixed field NS, canning a 
distortion of this latter, no that n x n l will now he the neutral 
axis or diameter of commutation and A'j/7, the line of reanltant 
magnetization. In other words, tho resultant field produced by 
that due to the armature and field NS will be forced round 
through an angle R0K l in the direction of motion, and will cause 
tho blushes to advance through an equal angle nan l to tho 
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position Wjitj, which anglais called the '* nrttjfo of food'* of ilie 
brushes. 

% If*now } tho circular path of tho coil, which we will assume for 
tho momorit not wound on an iron core, is developed out into 
a straight lino AC, and the si no of the angular ,posi lion from 
0 (i, <. Fig. 74 I., plotted on the ordinates at each such 
position, tho curve APJtQC will bo obtained, showing the 
variation of E M.F, with angular position in ono revolution. 
Tima A and (j correspond to If or position nn (Fig. 73) when the 


P 




Fie 74. 


E.M.F, is nought, while PI) and QK correspond to 90’ and 270", 
or position Ml when E.M.F. = maximum. This curve is called a 
sine curve, and it possesses the uniform shape shown in Fig. 741, 
Now in an ordinary iron core nnnnturo the E.M.F. of each 
coil fluctuates in a manner similar to that shown in Fig. 74 2. In a 
bipolar machine, and to that shown in Fig. 74 If. in amnUipolnr 
machine, hut tlio commutator commutes such E.M.F.s so as to 
develop an E.M.F. at the brushes perfectly continuous in direction, 
Considering the armature us a whole, the line un or fljfij, i. t. 
the brushes of the machine divide tho ui mature coibi into two 
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halveB, which are in parallel with one another, now each half 
consists of separate coils in series with one another, each giving a 
certain bat different E.M.F. depending on their position relatively 
to 0’ or ms. These E.M.F.s being in series are added together in 
each half "lid the two summational E.ltF.e put in parallel, 
Thos the E.M.F. between tbo brushes-sum of EM.F.s round 
one half of armature between those brushes. Consequently, aa 
we proceed from, say, the negativo main brush, tile E M.F. (if we 
could sample it) round either half increases up to tho other main 
brush, first slowly, then rapidly, and finally slowly again when 
nearing the maximum point. 

From the preceding remarks it will be evident tliat two 
investigations eon lie made on the E.M.F. of armature coils— (a) 
that of any one coil in different positions of a revolution; (A) the 
way in which tho K.M.F. varies os wo proceed from one brush 
right round the armature. 

There are many methods of iierfoimiing these investigations, 
end amongst thoso most cosy of application in practice may lio « 
mentioned Prof. S. P. Thompson’s, Mr. Mordcy'a, and Mr, ftwiti- 
burnc’s, and these wo will now consider in detail. 

In Thompson's method of operating investigation (a) above, the 
E.M.F. of a single section on the 
armature ran be sampled at different 
points in tlie revolution. The ar¬ 
rangement consists of two fiat metal 
strips or brushes 6,1,, (Fig. 75) fixed 
to a piece of wood at a distance apart 
equal to tho width between two con¬ 
secutive commutator bars. A volt¬ 
meter is connected across 6,6.,, which 
therefore measures the E.M.F. of a 
single section of the armature wind¬ 
ing which is passing through the 
particular position of Hie field, cor¬ 
responding to the position of the contacts. It is preferable 
that the compound brush 6,6 a should bo mounted on a brush ' 
rocker capable of swivelling round the shaft over a degree divided 
scale, so that angular distances from some starting-point may he 
accurately obtained. 
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The method has tho advantage that only a comparatively short 
range accurato rending voltmeter is needed, say, to about ten 
\voHb or so in tho case of a 100 volt machine. The main brushes 
E l B i must bo arranged to allow bfi, to pass them on the 
commutator. 

T1ib raidings of the voltmeter will be different according to 
whether the machine is giving no current at all or its full-load 
current. If tho machine is shunt wound it may in tho former 
case ho self-exciting, os the shunt currant will be so small 
compared with the load currant as to not affect the distribution 
round tho commutator. 

If now tho readings on V are plotted on tho ordinates of a 
curve with the corresponding angular positions right round the 
commutator on tho abscissa?, the curve will not only show the 
variation of J'l.il.F. of the coil, but will show also tho distribution 
of the magnelio field in tho air gaps, tho host position for the 
brushes and the 11 unylt of Ltarl ” which must be given to these 
when running on full load due to tho shifting round of the 
resultant magnetic field UR (Fig, 73) to U l h\, 


(75) Determination of the Distribution of 
Potential round the Commutator of a 
Dynamo. (Mordey’s Method.) 

Introduction.— Tho following is. a convenient and simple 
method of finding tho above-named distribution, and consists in 
measuring tbe jutcntiul between ono of tho main brushes and a 
single movable or Pilot brush capable of swivelling right round 
the commutator. It is then found that the potential increases 
or decreases from that main brush (according to whether it is tho 
negative or positive ono) round each half of tho armature to the 
oilier brush, and that the variation is rsyufar in a well-designed, 
but irmgvlnr in a badly-designed machine. 

To represent the resulting variation or distribution graphically 
Prof. S. P. Thompson proposes drawing a circle OIIC (Figs. 76 
and 77) to represent tho commutator and divide it into, say, 36 
equal parts of 10“ oacli, set oil radially outwards from the circle, 
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tinea cc potentials at the various angular positions of the pilot 
brush, thus getting the outer or potential curve OAD, 


P 



Next obtain thederblnpoil ilia grams (o the right nf Figs. "0 and 
77 by laying off a horizontal base to represent the length of 
the cirenmfeivnca of the circle OJJC, then at tho proper [aunts 
along this angular line set up Die radial lines from (he left-hand 
Figure, due regard being paid to sign. 

Fig. 76 is the result obtained with a T/cU-orraiigcrl dynamo, 
and Fig. 77 with a badly-arranged one. 



These curves show us soveral points, as, for example, tho steep¬ 
ness of tho curves in tho right-hand diagrams enable an idea of 
tho relative activity or idleness of tho coils in these positions to 
bo obtained, also the position of the brushes to giro the best 
result and the distribution of Sold in the air grips. 
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Fig. 77 may result fioni a machinB in which the polo pieces are 
badly shaped, or the blushes badly placed, 
t Apparatus.—Dynamo to bo tested, fitted with a third brush or 
pilot brush /' capable of swivelling round tbo "whole circle 
divided into degrees, and of making contact on the commutator 
at any position; a rather long nmge acciimte reading voltmeter V, 
and arrangements for taking a load from the machine when 
required, 

ObS9JTation9.—(1) Culliug tbo two main brushes R l and ft t 
and the pilot brush /*, connect V between tbo negative nuin 
brush and the dynamo being shunt wound and excited off its 
main brushes Jlji r 

(2) Hun the luiicliiuo on n/jen ecteriud circuit at normal speed, 
nnd adjust V ju lino with tbo negative brush, which In tier bus 
Iiccii previously adjusted to give no sparking. 

(3) Note the residing on V and tbo degree walo of l\ and 
repeat every 10* right round tbo commutator at comtaut n/iee*?. 

(4) Kepoit 2 and 3 for a full-load current taken from A 
adjusting Iho speed (constant) to givo the Riuia voltage ok 
lipfoi e. 

(D) Repeal mIjh. 1-4 with the same machine run us a motor. 

(0) Tabulate your results m u convenient form, and pint a pair 
of curves for each test ill the way indicated above. 

Inference!—8tatc very clearly whsifc you can deduce from 
your curves of distribution, and indicate in the developed diagram 
the positions of tbepolcF, brushes, and resultant magnetic field of 
the tmmbino. 

(76) Determination of the Distribution of 
Potential round the Commutator of a 
Dynamo. (Mordey-Swinburne’sMethod.) 

Tliis Is iv neat modification of the preceding method, nod con¬ 
sist)! io connecting a high resistance wire KjV, across the rnniu 
brushes 7?,/?., and finding by means of a sensitive detecting 
galvanometer G a position C along the resistance }\V S such that 
(i (lops not deflect. Tlio point C is then at the sal no potential ns 
f’; hence eineo'K,V S is (lied, the distance 1^0 or )\C gives 
the relative potentials for various positions of The potentio- 
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meter 7,CP, can be easily calibrated by taking one single 
reading of the volts (I 1 } across /I,/?,, whence the distances 7,(7, for 



t,r a 

whore P,C aud 7,7, are in 
ohms, say, or some known 
unite. 

The speed must he constant 
throughout tile tret, so as to 
maintain 7 constant. Being 
n zero method it is very ac¬ 
curate, and lias the advantage 
of not requiring a voltmeter 
, which baa to bo equally accur- 
Fl(1 ;j_ ato over its whole range, but 

only at one point. 

(77) Analysis of the Total Internal Loss of 
Power in Direct Current Dynamos and 
Motors. 

Introduction.—In test No. 82, p. 220, it is pointed out that the 
total internal loss of power in a direct current dynamo or motor 
is made up as follows— 

(i) Copper Jaw occurring in tho armature and field coils, caused 
by heating due to the passage of tbo current. 

Tins is at once easily calculable from tho rolatioos there given 
for finding the copper loss in either series, ah nut or compound 
machines, when the resistances of the several coils, and tho 
respective currents which each conies, is known. The loss in 
each circuit varies as the square of tho current. 

(ii) Mechnnical Friction due to air churning or resistauoe, 
brush and boaring friction, each of which varies as the speed 
simply. 

(iii) Eddy Currant or Foucault Current loss occurring in the 
armature core, aDd also in the armature conductors, And varying 
as the square of the speed fur the same excitation, since the 
eddy currents will be directly te speed at constant excitation 
while tho watts used in producing them will vary as tho square 
of these currents, or if If'g -» Watts wasted in eddjj currents 
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and « —speed in rcva. per min., then loss from this cause ia 
Wg cc n s A'gy where Kg is a cooliicienfc depending on tho eddy 
1 luA. 

(iv) Magnetic Ifydartsu in tho core duo to reversals of mag¬ 
netization in it as it rotates unci x to its speed. If JFjj = tho 
loss from this causa and Kg its co-nHiding then JF// a uKg ; 
h?nco tho total iron loss IF/ = JF/j -j- J Yg = nKu -f- n 2 Kg. 

This equation has been mado use of in several methods for 
separating these losses. Thus in Mr. Mordey’s method, which is 
applicable to determining tho losses in an unbound armature 
core as well as a wound one, the armature to bo tested ia driven, 
when in position between its own field poles, at different speeds 
(»), with its field (a) unexcited, (i) excited to a constant degree, 
(c) excited to various degree*, by an electromotor, and the power 
so required measured by a dynamometer or by knowing the 
efficiency of tho motor accurately. 

On plotting a enrve between the spoed (n) and the powers JF 
required to drivo at different speeds in a constant field, the 
constant* K }1 and K w can ho found from it. 

Mr. Kupp’s method is a slight modification of the preceding, and 
is only applicable to a ready-wound armature core. It consists 
in measuring the power IF required to run the armature to be 
tested at different speeds in a constuut field N, by running the 
armature itself as a motor “light," and noting tho corresponding 
voltage V and current A taken at each speed (»}. 

If then 7\ — total number of armature turns all round we 
have tho fundamental relation F° T 0 Nn 10"*. 

Hut f f r -AV - Al\Kn 10-8 = n A' f + n'-Kg 

•‘■ A “ t. jno-« + =<acon “ Unt + n * afaclor )- 

On plotting therefore tho curve hetwoon A and n to the axes 
OY mid OS with (n) along OS, wo shall obtain the straight line 
1*Q. Tho ordinato OP is oc current required to overcome fric¬ 
tion and hysteresis, while tan. 0 oc the eddy current effect. If 
OP is plotted to a scale of current, then K a = OP,,V7\ 10' s , 

when F •= is also known, 

a* 


We also have 


OP 


Hysteresis + Friction 


QS (Hysteresis + Friction) + Kddioa- 
Thus thi three seprate factors or losses are each determined. 
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The following graphical method of separating tbo various 
losses is n simple And convenient ono, rad independent of any 
mathematical treatment. XI is duo to Ur. B. II. lIoiisuiAi), and ' 
ia as follows— 

Separately oxcite tho field magnets to tlio normal amount and 
keep this constant. Note tho current and speed of tho armature 
when running light us a motor 
i ^ fur different noted voltfigeB 
* applied to it. Viol ting current, 
j which ct lore]no with given 
Cdffy i field on tho ordinates, and volt’ 

Currents j ages which cc sjwcd with 

P . "J^ given field mi the abscise, or 

Hysteresis I Joules per revolution on tho 

g . \q ordinates and revs, per tocowl 

q -- - rt, . s ... ...^ on absciss.the straight line 

Bearing & Wind j pQ (Fig. 70) is obtainud cut* 

0 Fia 7P t»»g the current axis in P. 

If (J is any point on J*Q and 
QS is parallel to OP t then tho total loss for that speed QS is 
given by QS x SO. If PI* is parallel to 0S t then tlio area 
PS oc OS cc power lost in liysterevis and friction together, and 
area Qlt x HP cc OS* *n power lost in eddy currents where QP 
a UP cc 0S> Repeating the above with a different excitation, 
will give a second lino P'Q\ usually parallel to PQ, showing 
that tho eddy currents are constant for a given volt ago. 

It may be noticed that the total loss corresponding to any 
point such a& Q on PQ = product of co-ordinates = OS X QS, 
and not tho area of the Fig. POSQ. Tn other words, tho Fig. 
represents the nature of a dynmno Characteristic rather than tho 
indicator diagram of a steam-engine. 

To obtain tho total mechanical friction lossrs, run tho arma¬ 
ture with brushes down, field disconnected and unexcited by a 
direct coupled motor, and note the increase of current required 
to drivo over that needed for the motor alone. Plotting this 
current OR on the ordinates and drawing UC parallel to 0S t the 
area 0C x totat mechanical frictions, end Jilt must bo cc 
to the hysteresis loss alone. O.i noting this excess driving 


current with the brushes up, we get OD , and finally tho area 
OE <x bearing and wind friction only. DC being oc tfco brush 
friction alone. 
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The total losses for a given voltage* will he a minimum for a 
certain induction in the armature core, usually between 15,000 
Xand lfi,000 lines per square c.m, Sinco tho hysteresis losses 
increase rapidly with increase «f Held, while tbo frictional Josses 
increase* with decrease of Held due to the higher speed needed to 
obtain the same voltage. 

For high inductions up to 18,000 or 20,000 the eddy currents 
cause the curve to bend upward**, and also tho angle $ to be 
greater. Tl:ii is pmlxihly due to the rddioa generated hy the 
stray leakage Held through tin; shaft, rto. If the lino 7'^ 
bends, it show* that the eddy-current losses are producing per¬ 
ceptible demagnetization on the Held, tiiticu both the eddy and 
hysteresis hisses increase with an nature current, llicxo losses 
should lejdly I;e measured with full-load armature current 
flowing by using the metluxl of Fig. 8i>, which with careful 
adjustment of excitation will give considerable range of speed 
for constant armature current. 

This question of the separation of the various losses is of 
great importance to tliu dynamo maker, enabling him to flea 
in what way a machine is faulty, i. e. whether tho cm hly-cur¬ 
rent loss is execssivo due to insufficient lamination, or thi: 
hynloresig too great duo to too hard or inferior quality of iron. 
Wo will now consider a complete osperinKwbil mi i lysis in 
detail. 

Apparatus.—Kxar.tly the same ua tluit prescribed for test 05, 
and in addition an auxiliary motor should bo available for coup¬ 
ling direct to the machine to he tested. 

Observations.—(1) Carry out observations 1-3, tost 95. 

(2) Repeat 1 fur an excitation 25% above and 5U% below the 
normal. 

(3) Disconnect all npjKiratus from tho machine touted, and 
also tho Held from tho armature. Connect the instruments up 
with tlio auxiliary motor, so us to measure the pawer taken to 
drivo it. Demagnetize the field magnets of tho motor to be 
tested by sending round tlio fluid coils a gradually diminishing 
(to 0) alternating current. 

(4) Measure tlio voltage and current needod to run tho aux¬ 
iliary motor at some ton different recorded speeds between 0 and 
the maximum allowable. 
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(5) Direct couple the auxiliary motor to the armaturo tested, 
and with the brushes down, note the now power given to the 
auxiliary to drive the two machines at some ten different speeds,/ 
tho field of the machine undor test being ontirelydisoonnected 
and unexcited 

(6) Raise the brushes and repeat 5, tabulating all your 
results os follows— 

ttAKI • . . tlATI . . . 

Motor ti»L.d: Nd. , . . Bastatoacn: Anoilnr* = . ,. OJtios 9 Maninl Virthp m .,, 

Maker. Blibnt «. „ Arti|* 

Tjj* . flurltt >= ,., „. Bpoetl = ,.. 

Totftl copier 



T^twlM^LcrSoJf- 
dnven (light). 

Auxiliary 
Uutor iIola, 

k In 

ojtii'k-d 

linialiM 

down. 
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up. 

Friction Iuamh. 
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(7) Plot all your results to tho some pair of axes, having in 
each cose tho speed iu revolutions per second on the absdsfw arid 
tho power in AVatts required to be given to the shaft of the 
dynamo under test to produce those speeds under tho various 
conditions mentioned in observations 1^6 on the ordinates. 

(8) Calculate the various losses at normal speed as a per* 
ceil tag e of the total loss in the whole machine at full load. 

Inferences.—State very clearly all that can bo inferred from 
your experimental results. 

Jot*.—A variation of the preceding method for measuring 
the hysteresis and eddy current looses consists in measuring 
the watts absorbed by the armaturo in running the macliine m 
a motor light at a series of excitations between 0 and the 
normal, the sjxed being kept constant at normal value hy adjusting 
the volts On the armature by means of a main circuit rheostat 
in scries with it. 

Plotting a curve with armature watts os ordinates, and excita 
tion as ftbecisste, wc find its lower portion to be nearly straight, 
and this part produced to cut tho ordinates will give the watts 
which would be absorbed at zero excitation Thus the differ- 
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ence between tlio watts at any given excitation, and at tliii 
scro value, will be tlio power lost in hysteresis, eddies, and 
\nechonical frictions. 

Again, if the curves are plotted between Joules pt;r revolution 
as ordinates, and revs, per sec. as abscisurc, the friction lino RC 
separating frictional and olectro-iungnctic losses Jise a fixed 
position in the diagram; whereas, with tile axes denoting current 
and volts, a different friction lino has to bo drawn for each 
excitation, thus making it difficult to seo what proportion of 
the whole loss is electrical and what frictional, when more than 
one set of curves corresponding with different excitation is 
drawn on the Bame curve-sheet. 


(78) Measurement of the Coefficient of 
Magnetic Leakage “ v,” and of the 
Relative Distribution of the Waste 
Field of Dynamos and Motors. (Ballistic 
Method.) 

Introduction. —Tlio present test has a most important bearing 
on iho design of tho magnetic circuit of a dynamo or motor, for 
since only a fraction of the total number of lines of magnetic 
force, generated by tbo field magnets, are usefully employed 
in cutting the armature cooductors aud so generating the 
requisite K.JI.f., the results of tlio test enable tho designer (0 
allow for this discrepancy, providing ho knows the coefficient 
of magnetic leakage " u " for tho particular form and typo of 
machine in question. 

In addition to this, the relative distribution of the waste field 
around the machine enables defects in the design of the magnetic 
circuit to bo seen and corrected, for at the best the magnetic 
circuit of a dynamo or motor is vory imperfect. 

It should be remembered that leakage of magnetic lines of 
force will take plnco across any two points between which there 
is a difference of magnetic potential, the magnitude of which 
leakage will depend directly on this potential difference, and 
inversely on the magnetic resistance of tho path. 

The following is a convenient method of measuring or comparing 
the relative amounts of leakage in different parte of fc dynamo, 
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and therefore tho st r lie leakage coefficient v for ttio machine; 
the term italic being here ns«l to denote the value of y obtained 
when the armature is at rest, for it is well known that an 
armature delivering current exert* a demagnetizing action on the 
field which directly promotes leakage. Assuming the normal exci¬ 
tation coustnut, tho leakage will increase with tho output, and it 
will largely ilupeurl ore the degree of aaturulion of the iron and on 
the relative magnetic reluctances of tho various pu ts. The method 
depends on the measurement of iudLieed currents produced by 
moving eithoe (1) an exploring coil so as to cut tho field to ho 
tested, or (2) tho field in such a way as to cut the coil, the latter 
method Wing Imre adapted. Hither the relative or absolute 
numerical values of the stray and useful flux in tho various porta 
can lw found, tho relative values being obtained with reference 
to that part in which the ilux is a maximum which can ho taken 
ns unity. Knowing these, tho nbuohito values cun ho obtained 
by running the armature at a known speed and measuring tho 
E.M.F. without allowing it to develop current oud thereby 
distort the field. Tho useful armature Ilux can now ho at onco 
calculated, and from it, that in each of thu various pruts, or 
thus:—suppose we have a circuit consisting of a bullislii; gal¬ 
vanometer, resistance box, earth inductor of A', turns, mean 
nrea Id, square aim, in series with ao exploring coil of A r , turns, 
mean area d, square c,ms, wound round the magnetic field to he 
tested. If now the inductor, with its plane vertical dr horizontal, 
is rotated rapidly through 180*, cutting the earth’s field of 
strength then tho total quantity of electricity set up in the 

transient current is Q ^ ^ - = K sin. j P ( * where A’ - ballistic 

conshtnf, E, -total cireuit resistance, 0,” = angular throw in 


degrees. If the exploring coil is now made to cut the field to be 
tested of strength F t by suddenly making, breaking, or reversing 
N A V 

the exciting cm rent, we get *«— -K sin. } 0^ whero 0 2 

&nd 11. t lmyo the Bimo meaning ns before. Dividing wo get 


2 jV A ft £ 

-i/V» x ? ^ n03 P er c.uj. in the loop or search 

coil (in absolute measure) whore (Zj and d. £ = scale deflections 


corresponding to ^ nml B r 
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As, however, it is the total field [ .1, F|) which we really desire 
to obtain, and denoting this by Ff 

we have F. = F. tf /t~ * , lines. 

1 ^s*l d i 

Apparatus.—Earth inductor F; resistance box It; charge and 
abort circuit key A'; ballistic mirror galvanometer € (p. 569), having 
a small' log decremODt and periodic time abont 8 or 10 seconds, so 
that this may be large compared with the time of How of ^ and 
Q % which can therefore pass through the coil before it begins 
to move. A shunt wound dynamo to be tested , ammeter A ; 
rheoelatfr) (p, 639}; quick bleak sn itch S] and sourcoof currontJ?. 



Observations,—(1) Adjust the noedlo of G to zero, and wind a 
single complote turn of wire on the dynamo at position A, 
connecting it up with the other apparatus as indicated in Fig. 
80. The F.M. coils must be disconnected and excited separately 
from B, 

(2) Close S and adjust (r), so as to got normal excitation 

through the F.M. coils. , 

(3) Close K, op.m S, and adjust if by trial ao as to get a 
convenient throw on G, then note its value (Z),) on breaking, 
and (Z)j) on making circuit at .S’, the excitation being tbat in 2, 
Repeat this twico and take the mean of each, calling it (d,). 

P 
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(4) Repeat 1-3 for each of tbo positions of Ibo exploring 

loop indicated by tlio loiters II, C t V, E, F t G\ If, I, J, K, and L, 
respectively. ■ ^ 

(5) Repeat 4 for excitations 50% higher ami 50% lower than 
tho normal, and in each case cal hi late v £ 1*001 the formula, 

Total Field 
Useful Field 

(6) Let down the brashes and run the machine at a known 
speed, measuring tho E.M.F, E at each of the three excitations 
used, and tabulate as follows— 


Kami. . 

.ffj * ... turns 
A\ / . , . M|. C. 1 IU, 
Gslr. rutofjmpejf « ... oJnn«. 
Iixlurlci rvwi>Vuirt ff n .. . ohms. 
TuU] ro^iUnc* fi\ « . . . olwn. 


IU rz . . , 

F\ = ... o.n a. unit*. 

</| = . . « BiuIq 

Total So, umntnic conductors C ** ,. • 
fcyrcil ■ , . , revs, per mu. 

- . . . mm 



Inference*.—State clearly nil tho inferences which can be 
drawn from tho results of Hie above experiments, and point out 
their bearing on tho design of field magnets for dynamos and 
motors. 
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479) Magnetic Characteristic of a Dynamo 
with varying Air Gaps. 

Introduction.—It is of considerable importance, especially in tbo 
design of dynamos, to know the effect which tho length of air 
gap, between the field magnet (F.M.)pol* face* and armature coro 
lciB on tlie excitation required to Force a given number of magnetic 
lines of force through the coro, Fur convenience the curve show* 
ing tho relation between the amp.-turns (A.T.) or magneto-motive 

force (U.AI.F,) which =*~*xA.T, in the F.M.s aiul the total 

useful flux of linos (A T ) through the armature will bo called tlie 
Magnetic CArmtcUrtstie for tho air gap used. The flux (A 7 ) cun 
bo found in two way*; (1) by using a ItaHibtlc galvanometer in 
series with a u search roil " temporarily wound on the armature 
and noting tho throws produced on tbo galvanometer by making, 
breaking, or revoking known currents in the F.M. roils; (2) by 
running tlie armature mechanically and noting its KM.F, speed, 
and number of conductors round periphery, N being then calcu¬ 
lated from tho fundamental formula l'-— A«(7-r 10^. This is the 
best and more practical method to employ, because tho armature 
will now exert a blight demagnetising action on the F.M.s tending 
to increase leakage and approximate more nearly to actual working 
conditions. The Exp, is divided into throe distinct parts, viz. the 
determination of the relation between— 

(ct) The M.M.K, and llux (A) through or mature with constant 
air gup. 

(ft) The air gap and flux (AT) through ammiuiu with constant 
M.M.F. 

(y) Tho air g.ip nod Al.M.F. through oi mature with constant 
flux (N) in armature. 

Apparatus, —The dynamo D capable of being driven medianic- 
ally; tachometer; voltmotor V; ammeter a; switch S ; rheostat 
r (p. 5%#); supply of electricity. 

The machine I) to bo tested must be spociaily constructed in 
Order to bo ablo to operate this test. As shown in Fig, 81, tlie 
pole pieces are each capable of being made to approach or recede 
from the armature by turning a massive bow bolt b fitted to 



212 


ELECTRICAL ENGINEERING TESTING 


each, by means of a suitable key. The distance apart of the pole 
tips can be read off on a scale C fixed to tlie body of the machine. 

Sole.—The poll ti/>t must never be clour together th an the 
two zero Kale division! which will bo termed tboir normal position 

in what follows, and must 
always be left at this dis¬ 
tance alter the test is over. 
To increase One distance 
turn the screw clock-wise. 
It will be noticed that the 
initial slopes of the curves 
in (a) are determined by 
the air gap, also that the 
air gap causes tbo curve to 
bend over. 

ill lubricators must feed 
properly before the ma- 
chinery is started. 

Fta. 81 . Observations.— a —(1) 

Connect up ns shown in 

Tig. 81, and adjust the pointers of all the instruments to zero. 

(2) Set the pole tips at exactly the noraal distance apart and 
adjust the speed so that with the maximum excitation allowable 
in the F.M. coils 25% above normal, the E.M.F. can bo rend off 
on r. 

{3) With air gap and speed constant, adjust tiro excitation to 
about | of the maximum allowable. Koto this reading A and 
that on (a) viz. E. 

(4) Repeat 3 for about eight ascending equal increments of 
current to about 25% above the normal excitation, 

(5) Repeat 3 and 1 for tbo pole tips Imlf-way and the farthest 
apart, 

(6) Repeat 3-5 for tbo same current values descending. 

(7) Plot curves in each case with M.M.F. as abscisats and N as 
ordinates. 

j3—(1) Adjust the exciting current to the normal value and 
the speed so that the E.M.F. cun bo read off on n. 

(2) With H.M.F. (».e. A) and speed constant and the pole tips 
at exactly the normal distance apart, note tbo reading (E) on e. 
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(3) Repeat 2 lor eight different distances increasing by J at a 
time to the maximum possible. 

' (4) Repeat 2 and 3 fora return set of distances to the minimum 
(normal). 

(5) Plot curves in each case with distances between iron of 
arfonture and pole face an abscissas and :V as ordinates. 

y —(1) Adjust the excitation to T * ff maximum and the speed so 
that a suitable low reading of, any, J maximum voltage is obtainod 
on v. 

(2) With N (t. i. E) and speed constant and the pole tips at 
exactly the normal distenco apart, note this distance (I) and the 
exciting curront A. 

(3) llcpcat 2 for eight values of ((f) rising by J of tho maximum 
at a time to the maximum, noting A, at each position, which is 
necessary to keep E constant. 

(4) Repeat 3 and 3 for a return set of distances to the minimum 
(normal). 

(5) Plot curves in each case with M.M.K as abscissa; and (d) 
as ordinates. 

NiUI ... DATS ,.. 

Ns. Amutarc csiidiickn C • . , Bstemnl dam. lion .vre = ... Irthfla 

Total ?.M. tcmi {!)= . . . JnU i:.:.l u „ , . 

fettlagl* „ „ ■». 


in 

itavi. 

Dl-ltoco 
Intvwu 
polz t-p* 

(<fc 

Dihtanco 
botwoon 
Itod <rf 
fere to 
com 

Exciting il.M.P. on 

Ourrant, A amp*. (*) K. 

«1 H-F. 

--At 

“10 

-- — 

Flux 

V. 

“ t'-it 

Tor 

Min. 

i*er 

(*>> 

IiLi'naa- 

ing. 

Ihirrmi-[ [nojtxtv 
ing. lug- 

Decreas¬ 

ing. 






! ' 


_ 



Dedoatiom.—State very clearly all tho inferences wliich yon 
can draw from yonr results and point out their bearing on 
dynamo design. 


(So) Localization of Faults in Magnetizing 
Coils. (Induction-Ballistic Method.) 

Introdnotion.—When a magnetizing coil of insulated wire is 
wound on a metallic bobbin, tho latter is usually insulated on the. 
inside by a thin strata of insulating material before winding oa 
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tho covored wire. Nut withstanding this, it may anil doos some- 
times 1 tapper tliut the wire core becomes “shorted " to the metal¬ 
work of tlio bobbin, through the covering and insulation of the' 
bobbin. This is particularly liable to be tbo case In shunt coils 
of dynamos which are wound on metal 11 formers,” insulated with 
vutoanixed libro tissue before winding 

Such a fault, through poor contact of, in many cases, a very 
uncertain nature, gives trouble in tho ordinary methods of testing 
for its position, by giving unsteady readings. Tims the ordinary 
resistance methods are extremely liable to be vitiated by variable 
contact resistance at tho fault. The following method for local¬ 
izing the position of tbo fault by means of intlnctti current#, 
measured bullistically, is often a more convenient and rcbnlile 
one for tho purfiose. 

Apparatus.—Metallic bobbin or former F to be tested, wound 
with the magnetizing coil (in) which ij " shorted" to frame at tiio 

paint (/); high resist¬ 
ance ballistic galvan¬ 
ometer (r; two-way koy 
A' (p 587); buttery 
of eecondai-y cells J1 ; 
switch 8 ’; ammeter A, 
and temporary primary 
magnetizing roil VP 
wound over tbo outside 
}■„, ja of the magnetizing coil 

vim proper, which is to 

bo tested ; rheostat /» (p, COG); known high resistance box r. 

W.E.—It wilt he noticod that, as represented in Fig, 82, tho 
fault (/) is on tho first layer of turns next to the frame F, and wa 
will suppose that tbo turn at (/) is making contact there with 
tbo metallic frame (F). Thus it will be seen that the point (/) 
divides thB total number of turns on tho whole bobbin into two 
ports between the lending out wires /'■ T- of tho coil, so that 
total turns ~ turns between 7’, and f + turns between T 1 and /. 

Observations.—(1) Connect up ns in Fig. 82, and adjust A 
and 0 to zero, the tciujuraiy ooil PV having Wn previously 
wound on and a wire sol 1 lured to any point (p\ on tho metallio 
bobbin frame F. 
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(9) With II full in, close S and mljuat tlio current on A to 
some convenient amount. Next also doso K to stud 1 and adjust 
y to such a value as will give, say, 5 or J kcaIo defioetitm d l on G 
when S is opened suddenly, Repeat two or tlirco timed with the 
same constant current, both vuuh and broken in P. 

(3) (Jlose A' to stud 2 and repent 2 above with tlio smno cur¬ 
rent, noting tho uow resistance out in r to give a suitable finst 
throw on G. 

(4) lteiicat 2 or 3 for about four or five cur rent strengths A so 
as to obtain finally different throws on G which will chock ono 
Another, and calculate the position of the fault (/), or the number 
of turns to bo unwound, to roach it, from tho relation 

jV t turns Ixjt.wern 7 1 , and f mean 1st throw i/| r, 

jVjf - turns between anil f ~mean 1 st throw c/ 2 * r 2 I, n ,roj£ ' 
where r x Y 2 are tho fatal resistances of r + G when obtaining t/| and 
<f a respectively, and which arc assnuiod to bo very large compared 
with bli 13 couhict resistance at / and also the resistance of the 
tumB between / ond both 2\ and I\. If the resistance of the 
coil (m) is from 5 to 20 ohms then (r + V) should if pussiblo be at 
least 10,000 ohms, 


Kauk . . . JUllS . .. 

Coil Intel; Tull] Tanm A'— * , . T»tnl H'listAnM Rq. 
f!.»U.iucimoti*r Rcs.^tnnrc O — , , , Glim* at ■ ■ ■ *0, 


Can Mit 
fitT 

irfnplutm 

only. 

| 1-it tliicms on U. | 

JlOX rastnliiiiDOt | (lurid Ilrwst, | 

Hallo 

A'iJAj 

Turns to 
m i^iud 

X* 

inran 1 
•** '■ 

icirtlu 1 

r 

1 r4Q 1 
1* 1 " < *1). 

t' + l/ 
-0* 



_ [ _ 

1 1 



N.lh—It will Ixj noticed from tho formula in 4 tkat if r ia 


Adjusted so tlurt d t =«i 2 , tlion 


xj** 

r s i 

or ugiiin if r is kept constant throughout, 



tliin Xjy, =*,/</, or JT t = d ^Z; N - 
If G is iiifiousitivo an mm roro tuny he inserted ill tho coil to 
form o closed circuit if possible; this will increase the thix for a 
given current mode or broken in IT, and therefore also the first 
throws if, d a on G. 
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This has the further advantage that JT t and N 2 will nowenclose 
the aaina number of lines of force, which is only approximately 
true if there is no iron core and the roil long. t 

It should be observed in pacing that even a simpler method 
still than the one described above, for finding the position of the 
fault (/), would be to employ a slide wire or meter bridge or other 
convenient form of potential divider in the following manner. 
Connect the ends 7\ T v Fig. d'2, of the faulty field coil to (ho ex¬ 
tremities of a meter bridge wire and also to two or three Leclnncht 
cell* ; connect the galvanometer <J, which need not now ho bal¬ 
listic, but which must be sensitive, between the metallic former 
at p and the slider key of the bridge wire. Now move the hey 
such that od lappng it G doea not deflect. Then the lengths 
T^f and fT t of the faulty coil are in the proportion of the corre¬ 
sponding lengths of the stretched wire cither side of tbo K, and 
are therefore known if the gauge of winding auj its resistance 
(which con be measured in the ordinary way) are known, 


(8l) Determination of the Rise of Temperature 
and Increase in Resistance of Magnet-' 
windings. 

Introduction,—Since every magnot coil has some resistance, 
which is usually considerable in shunt or pressure coils but 
small in series or current coils, it follows from Joule's law tbat 
heat must be generated in them when excited. The amount of 
heat developed per second by a current of (/) amperes (lowing 
through, or a pressure of (K) volts across the terminals of, a coil 
yt 

of R ohms resistance is * PR or Any coil must therefore 

have such an external surface for radiation of heat relatively 
to the amount of heat developed in it, that the “steady" 
temperature attained when the rates of production anil dis¬ 
sipation of heat bccomo equal is not high enough to deteriorate 
the insulatiun of the winding. The maximum limit to this 
“steady” final temperature is usually fined at abuut 00° C., for 
it is found that the commoner insulating materials used generally 
begin to deteriorate with temperatures exceeding GO to 70° C. 
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Admiralty specifications, however, prescribe that after a six- 
hours’ run at full load, no accessible part of a machine may 
V show a temperature of more than 70° F (— 38 0 '8 C) above the 
surrounding air. This would seem unnecessarily low, but from 
remarks to follow may not actually be so, , 

In the case of dynamos and motors tho rise of temperature 
and its final steady value is required for the armature, series 
or shunt coils, commutator, bearings aud frame. Further, it 
has been shown that tho radiating facility of a surfaco in 
contact with iron is nearly twice as good as when it is exposed 
to air. 

Except in special moasurcmeola and research, when perhaps 
thermocouples and their equivalents mny bo used, tho tem¬ 
perature rise of coils whilo energized is always obtained cither 
(1) by thermometer, the bulb of w hich is placed on the coil and 
covered with a pad of cotton wool, or (d) hy resistance measure¬ 
ment, obtained from the readings of an ammeter in series with, 
or a voltmeter across, the coil and the application of Ohm’s law. 
Tins latter method is thn one usually employed in a test room, 
is tho most accurate of the two, and the quickest method of 
finding the 11 true mean riso of temperature especially with 
series coil a With shunt coils this resistance method can he 
effected by switching tho supply off and then quickly measuring 
tho resistance of the coil by the Wheatstone liiidge method. 
Usually tho true mean rise of temperature by resistance to,ts is 
found lo be at least I d to 1"G times greater than tire apparent 
mean rise by thermometer due to the temperature of the layers 
of winding increasing from the outer one to that situated about 
three-fourths of the thickness of coil from it, and then decreasing 
again to the inner layer next to the iron core. 

If R a — the resistance of tho coil cold, and It\ that when hot, 
then 7?j = R t { 1 -f n(t\ — /,)) approximately, 

I X aJu , , 

or - • — j—■- more accurately, 

where I e and f* = the temperature in deg. cent, of tho coil, cold 
and hot respectively, and a = the temperature coefficient of tha 
material which for copper = 0-00428 ohm per uhm per I* C. 

= f X 0 00128 = 0 00238 per- °F. 
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tlio rise of temp. = — l c ) — ft - ft 

R>il| 

= 2.11) — I' e deg. cent. = 420 ft - — (leg. Falir. ' 

If now T ^ final temp, riso above surrounding air, 

S — total lieafc radiating surface in □" (exclusive of 
end flanges and internal nurfiirp, if any), 

JK=total watts wanted in tlio coil at full load 
= total 1 

then T ac )V k * or T— ^ X A', 

where (A’) = a heating constant depending on tlio depth of 
winding, amount of fanning by the armature, mid whether the 
surrounding air is still or circulating, and may l>o taken w 75 
for the usual shape and size of field coils of dynamos and 
motors, especially of multipolar types, excepting when iron clad. 

IK 

Henoo T— 75 — dog. cent. 


and since for shunt bobbins IK— YI& — 7 2 **/fo. 
for a prescribed temp, rise (T) wc have 


max. shunt current 



T.K 

7 


amperes. 


Apparatus.—MagnBt coil F (of, any, a dynamo] tu be touted; 
ammeter («) and voltmeter (v) each capable of dealing with the 
full-rated current and voltage for the coil) switch S t ] watch; 
small hulb thermometer and cotton wool; adjustable high re¬ 
sistance r for shunt coils, or low resistance fur scrias coils; 



ammeter A, voltmeter V, switch 8 t and adjustable load resistance 
for tho main circuit to the armature M. Separate moans for 
driving M. 

Observations.—(1) [Armature \f Hatifiiary], Connect up as 
shown on tho left half of Fig. #3 and ndj ust a and v to zero, if 
necessary. Note the temperature of the air of the room by tho 
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thermometer, secure the thermometer with its bulb touching the 
outijifio of the coil, ami cover tlio bulb with a part of cotton wool. 
* (2) With r full in, close S x and quickly adjust r so that v or 
a shows the normal value for tlio coil* and note the readings of 
both v and (>■, Dim thermometer and tlio time. 

(3) By adjusting r maintain («) constant in testing a series 
coil, or (t>) constant in tenting a pressure coil, either at the abovo 
normal value, and note tho readings of r, a, tlio thermometer 
* and time, say every 10 minutes for the first 1J hours, nnd then 
0 \ r ory 15 or 20 minutes, up to the. condition when tlio variablo 
quantity heroines cotustnnt. Then, again, take tho temperature of 
tlio room and tabulate as follows— 


NiVK . , . Daik 

Coil 'Tyj*o , , . Tludw<"w , . . External Surtwu $ — ... □" 

Temp rrMl'niniul Slnl-> , . . 'll tt Rni <>t trtt , "U. 


Tinw 

uf 

Itadhij; 

Minute*- 

ftulii 

start 

AiiiV* 

M 

YnHft 

«■ 

W.itb 

ttrtnl' 
RT]fv QJ 
Coil 

n 

Otkulnttd 
T«iup. Itiso 

«< 

Ihcr. 

in<*iii«Ur 

Knihnjj 

i. 

Wh. tSfe>*X 

it lleet 
or bow 

Hull hi Hr. 


1 


__ 






(l) [/irwiclrtw J/ driven at Full L*ul and at Normal Rjmod]*-~ 
Repeat ubs, 1 3 after the machine has cooled down to the 
temperature of the air, 

(5) Plot curves to tho same axes haxing time in “f itiiinC’S 
/rout start” os abscissa' with values uf R u , 1\ and t as ordin¬ 
ates; calculate Die “heating constant" (A') fmm the relation 

yig 

A' = -=r, and LIii: maximum value of shunt current suitable for 
ft 

coil tested fur the value of (A") found, nnd for a final temperature 
rise T of 50" C. abovo air. 

Inferences.—Clearly stutD all that run bo deduced from the 
ranults of the teat, and point out their bearing on temperature 
touting. 

(82) Efficiency of Direct Current Dynamos. 
(Swinburne’s Electrical Method.) 

Introduction.—This method, duo to Mr, James Swinburne, has 
the advantage, firstly, in point of accuracy, of being solely an 
electrical one, and therefore far moro accurate than a dynamo- 
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motor motbod in which the power required to drive is measured 
mechanically 3 secondly, of not requiring another similar machine 
for coupling to it, in addition to tho one tested. The method,' 
which is often termed the “ Stray Power ” method, is consequently 
very suitable f<’V employment in workshop determinations, where 
usually no good transmission dynamometer is available for 
measuring the H.P. used in driving the generator under test, 
and is invariably used when Ilopkinson’s method cannot be 
applied as, e.g. y when no second similar machine is available. 
Tho principle of the present and all similar mothods is bused on 
the following, namely, that the total power put in = total power 
given out -j- total power lost internally or in symbols 

w 0 + i r L 

where tho suffices 7, 0 and L denote tho input, output, and 
total losses in Watts (IF) respectively. 

Thus the commercial efficiency (ij) of tho dynamo is at once 
obtainable from the relation— 

Wo = go 
’“IF, IKo+Wi 

The output in Watts JF 0 developed by tho dynamo is at once 
dedueible from the product of the volts V and amperes G given 
ont. The totid loss IF, in Watts occurring internally in any 
dynamo is made up as follows— 

(a) Copper losses L, in armature and exciting coils due to 
heating by the passage of current, and which can easily be calcu¬ 
lated when the currents and resistances are known. 

(}) Friction losses L r duo to air churning, journal and brush 
frictions. 

(<) Magnetic frictions or iron losses L„ duo to Eddy or 
Foucault currents and magnetic hysteresis. Hence the total 
internal loss ]F i =>Z e + ij. + Z„, and to the quantity (/>,+ £„) 
Mr. Swinburne has given the somewhat appropriate name nf 
u Stray rovtr." 

The Copper losses are calculable as follows—. 

Let C = the current given by the dynamo at its normal voltage 
F to Some external circuit, and let It. 7f a 7? w be tho resist¬ 
ances of the armature scries coils and shunt coils respectively of 
any dynamo to be tested, of which 7 i' st can be measured by a 
Wheatstone Bridge and R, Its, by the “ Potential Difference “ 
method (p. 84). We shall then liave for a 



ELECTRICAL EXGmEERim TESTING 


2*1 


Series dynamo L, — C* (R a /?*) 

K 2 / „ V \» 

Shunt dynamo Jf ^ \j ^ J~\ A* 

Compound dynamo (long shunt) 

F 2 / FV 

A= *s; + ( c+ *i) ( ** +JW * 

Compound dynamo (short shunt) 

7^^ + M! + ( c+ M)^ 

Tlio remaining losses, i. e. tho stray power (i^+£„), can 
readily be obtained by running tlio dynamo os a motor, the 
field magnets being separately excited so that the armature has 
the same magnetic induction aB at full load, the E.M.F. supplied 
to it being at least equal to the total E.M.F. which the machine 
would dovelup when running on full load as a dynamo at normal 
speed. Thus tho machine is running on no load other than its 
own friction, eddy currents, and hysteresis. If A -curront flow¬ 
ing through the armature and V a = tho voltage across its terminals 
when tlio speed is up to normal, then wo have 

Stray power “(Ar+iJ** A V t -fc, 
where L a = copper Iobs in the armature for the current A in it. 

TTote.—Only a comparatively sin ill current (d) at the proper 
E.M.F. mentioned above will be required to be Enrnished by tba 
auxiliary source of current, aod if is vory small, /<„ can be 
neglected in comparison with A V, in this lost formula. 

Apparatus.—Dynamo U to bo tested, which for tho purposes 
of discussion merely we will assume is shunt wound; voltmeter 
V ; low reading long scale am¬ 
meter A ; rheostats R (p. GOti) 
and r (p. SCK)) ; tachometer; 
complete "Wheatstone Bridge 
Bet ( IF. /?) j two-way voltmeter 
key A' (p. B87); switch S t \ 
source of current A at a suffi¬ 
ciently high E.M.F. 

Observations.—(1) Connect 
np os in Fig. 84, and adjust 
tho instruments V and A to 
zero if necessary. Switcli on E, 
when tllb field should be then 


SH 

’tmcij'jo '—| 
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excited to tho norma] amount, as turn bo smi by closing A'l, and 
observing wliwulior the normal voltage which tho machine would 
give ns a dynamo at the proposed speed is indicated on V\ 

(2) With R at its maiouuw value (not loss than altiut 10 ohms) 
close S z , adjusting A! so ns to give the arnmturo the full requisite 
KM.F. AJ. lb will still run under tho normal speed, since with 
so small a current the nriuaturo produces no demagnetizing 
action to quicken it up. Now adjust r so as to Long it up to 
the normal speed, and noto hy closing K 2 the volts V e actors tho 
armature terminals and tho current A amps, flowing through it. 

(3) Repeat 2 At the samo excitation tor some ton diderent 
speeds in all, both below and above normal. (By varying 72), 
entering tho road mgs in the small tabular form— 


Bfrfad 

III 

Sir 

VnJtl 

v,- 

j Fewer TcoJiQjp 

Arajn, 1 YYalta 

ToM Intake 
walls n nninr 

IlftM Afu, 






(4) Open A', S t and K and moasure by means of W.B. tho 
resistance R a of the armature and iV^ of the shunt, remembering 
of course to disconnect ono from the other while measuring their 
respective resistances 

(5) Calculate tho power supplied and the commercial or nett 
efficiency of the dynamo for some ten different values of 
current* C (at, say, constant spoed and voltage) taken from tho 
machine, ranging from 0 to full load by about equal increments, 
and tabulate as follows— 


Kaxk . . , 


Dynamo t<*W : Vo, . .. Vonusl Volb^o - .. . Voltf. 

Ijpe . . „ CnrrenL = , , . Ani|* 

Maker ... Hp&nd - . . Urn#. 

Itti^tunca: Amiatunj ..Olinn m'C, 

„ blmnt ■ . . . ,, „ 

„ Buries r . . 1( n 


a 

a 

1 i 

rower <tai>1o|ieil 
lor 

calculation. 

Stray PijWBf 

MoMuroumt Id 
oU. *. 

LOMCfl, 

ftlcuUteil 

I’ower 

toltfv* 

Vg 

IFc-HTi 

Conituei' 

rial 

ElBrji>Ticy 

k 

1 

> 

A 

* 

Total 

Output 

rc. 

1 

t 

c 

< 

Lf + tm 

- AVa 

- A*Xa 
Watt*. 

Cof|»r 

ou«u- 

lain! 

U 

Total 

*1“ 

tc+h 

+ £m. 








_, 




ELECTRICAL ENGINEERING TESTING 


223 


Hot*.—There will be only 0110 value, that corresponding to 
normal speed, m each of the columns 1, 2, 5, C, mid 7 (counting 
* from left to right) in tho last table, but as many values in tlio 
remaining columns ns there arc vntucs of amps. C assumed 
between 0 nrul full loud. 

(6) Plot the following curves* hming — 

(ft) Efficiency ax ordinates and Watts develop**! afl ubscissre. 
(£) Stray power ax ordinates mid Bpaxl of armature as 
aWisve. 

(/•) Watts dovclo]K?<l as oi'diuateg and Watts to drive us 
abscisss. 

Inferences,—State dearly all that can be inferred from your 
experimental results. 

{83) Efficiency of Direct Current Generators. 
(Hopkinson's Electrical Method.) 

Introduction.—Tlio curlier methods of measuring the efficiency 
of direct current generators, in which the electrical output of the 
machine was obtained hy tire product of the ammeter and volt¬ 
meter readings, while the total mechanical input was obtained 
by means of some suitable forui of transmission dynamometer, 
are more or less limiteil in their application from tlio fact tlait 
a relialdo dynamometer is not always Available. TCvon when it 
is, the method gives only an approximate result, for the error 
made in measuring the efficiency is proportional to the error 
made in measuring the input as given by the transmission dyna¬ 
mometer, and which is only too easy to make in an appliance curb 
as this. It will therefore be evident Hint, given accurately cali¬ 
brated instruments, nny method of measuring the cfliriency solely 
electrically will bo capable of giving far more aernrate results 
than could be obtained with any dynamometer. 

The present method lias this advantage, of being solely an 
electrical one, ami requires two machines of osftcarly the same 
outpnt as possible, tlio accuracy of tlio tost practically depending 
on how nearly alike in this respect tlio two machines are. 

They must be capable of being placed in alignment with their 
shafts coupled meelmnically together. The test can be made 
with either series, shunt, or compound machines, but the shunt 
is much die simplest. 
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Appar&tm.—Accurate ammeters A and o t c,; voltmeter V j 
rheostats R l ff, for the field circuits (p, DO9); change over 

volt motor key K (Fig. 
254); dynamo (a) to 
bo tested coupled both 
mechanically and elec¬ 
trically to a similar ma¬ 
chine (ft) which runs os 
a motor. An auxiliary 
source of current (y), 
such os a storage buttery, 
or another dynamo giving 
tin E.M.F. about equal 
to tho normal of a and /l, 
and able to supply the 
losses occurring in the 
machines a and /?; switch 

Observations.—(1) Connect up as in Fig. 85, and mako sure 
tliat the E.M.F. of y atsiitt that of the dynamo a. in driving the 
motor j3 in tho right direction for self-exciting *. 

(2) The respective fields and /'*. in series with rheostats 
7ij and Jij respectively, are excited from the terminals of y, as 
shown, to the normal amount roughly, except that of (3, which is 
weakened to enablo it to run ns a motor. 

(3) With Tth foil in to start with, close S and adjust the 
auxiliary source of F.M.F. (y) and the rheostat (BA) so that the 
machines get up speed, and if possible obtain the normal full 
load current of a through the circuit, 

(4) Slightly ro-adjust JI l and B 5 to bring a/3 up to normal 
speed, then in quick succession measure the volts Vj at the 
terminals of tho dynamo a and the volts V v at tho motor by 
means of the key K, at the same time noting the main current 
on A and the exciting currents a, and a 2 . 

(5) If possib^ obtain three or four different load currents 
through aft from the normal downwards, and calculato the effici¬ 
ency 5 from the relation 

S - y'jy npprovimutnly. 
and tabulate in s convenient manner. 



S ■, rheostat BA (p, 606, Fig. 274). 
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Inferences. —Show how the above relation can bg obtained, 
anil state any assumptions made in obtaining it. What correc¬ 
tions would have to bo applied to make it rigorously true? 
Obtain tho true value of the efficiency 3 by applying the correc¬ 
tion in question. 

The tost, though ample, requires a certain amount of expel i- 
mental skill, eqiecuilly in the case of scries find oompouud 
machines. Moreover, the starting is somewli&t troublesome. 

By a Bliglit modification in the connections, tbe test is a little 
easier to carry out, and this is shown in Fig. 80. Like tho preced¬ 
ing arrangement it involves the use of an auxiliary generator or 

> 1 - - 



set of secondary cells having the same current capacity as the 
machines under test, and a voltage of from B to 25% of that of the 
generator, according to their efficiencies. This, being, as before, in 
series with the genemtor and motor, takes the form of an added 
voltage to tho system. 

It is much better to excite the shunts from an independent 
supply instead of the auxiliary source. 

In this arrangement the motor 3 must have the strongot field, 
and in order to start, the field Fa of tho generator a must 
either bo broken or bo made conipaintivoly weak by means of the 
rheostat If v 

Apparatus.— Similar to that for the preceding test; source of 
EiM.F. (£) necessary to fully excite the shunts Fa and ¥/}, tho 
Auxiliary Source y being as above mentioned. 

Observations.—(1) Connect np as shown in Fig 86, and adjust 
tho ammettrs .4 and a, and voltmeter V to sere, etc. 

Q 
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(*2) With and Kk full in and the voltage (v) of the source 
E at the requisite value, close -S J , adjusting Eh to obtain full load 
current A tli rough a and /?, then simultaneously take the read¬ 
ings of <i, t>, A and the volts Vi and V 3 across a anil y by meRna 
of the key A'. 

(H) Calculate the efficiency of either machine from the 
relation— 

5 - 

V A ( Kj + Kj)+ it«. 

and tubulate your results in a ixmveuiont manner. 


{84) Measurement of the “Nett” or “Com¬ 
mercial " Efficiency of Direct Current 
Dynamos. (Rapp's Electrical Method.) 

Introduction.—Tho following, being an electrical method en¬ 
tirely, has the advantage tbut nil llie measure uu'iits are electrical, 
thereby enabling the efficiency to Lo determined with far greater 
accuracy than would bo possible with any mechanical trahfltn Union 
dynamometer. 

The method consists in coupling the generator to bo tested 
both mechanically (with their armatures in alignment) and 
electrically to a similar type machine of 03 ntoily equal power 
ns possible, and which latter is made to mu os a motor, driving 
the other, by tho weakening of it* Hold, with a rheostat. A 
email auxiliary generator, giving Ur 1 normal voltage of the 
machine to l>c tested, is required, and must be so connected that 
it can ho placed ill quick succession arrow tho terminate of the 
two coupled machines. The auxiliary source therefore supplies the 
necOBsary exciting emtentg together with the difference of the 
currents flowing in tho two coupled mnchiucs. Tho test, though 
simple, requires a certain amount of experimental skill, ©.specially 
in the cose of series and compound machines. 

Apparatus—Dynamo (a) to bo tested, assumed to ho a shunt 
wound machine and having its field ceil- F, across its terminals • 
another similar machine ft to act as a motor and having a 
rheostat R t in its field F Py lt change over * switch C (Fig. 253) j 
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main rheostat (p. GOO); _^_ _ 

ammeter A \ voltmeter Y; _-I .r* *{T) ° 

'switch Sy and auxiliary /7\ L ci /'T'N 

source of RM.F. (y),which \ 9 j- fc-if "i M^ 

may consist of the town + -—-—j 4 

mains (if tho supply --- - ■ ■ * ■— 

!b continuous current), i- ^ 

secondary battery, or mJ- q --— 

small dynamo giving 1 the L ™ — 4--^ 

normal E, M. F. of the gen- / 

orator a to bo tested. g f ®- (/Cnv 

Observations.—(I )Con* p t 3, 

nect up as shown in Fig* ^ 

87, and adjust the point¬ 
ers of A and V to aero, if necessary. Arrange the machines a 
and {3 in alignment ami couple their shafts together by a 
suitable coupling. 

(2) Turn the “change-over” switch C to o, and with Jfg large 
clone Sy said gradually adjust Ny and consequently the current 
until the machines start. Then when they are running at a 
constant speed, with V read lug the normal voltage of a, note tho 
ammeter loading A*. 

(3) Quickly “cl in ago over” C so as to place the auxiliary 
source y across /? and note the ammoter routing dp for tho mme 
voltage V nn beforo, 

(4) I!opent 2 and 3 for soma Four or five different speeds cur¬ 
rent, and voltage*, and calculate the efficiency from tho relation— 

Combined officicncy of the two machines — ^ 

Commercial efficiency of either machine 

y Aff 

Tabulate your I'Osults as follows— 


Q&ncnitor te »tml i No.... Typn... lOiknt. 
N&cblneC<nipli.4; Kg... . 


Xormnl VolU.. . Ainjn. . . . 8pc/Ki . , 

Morual ..... ,, . 


Cunviiti in Aip|m. 


- ... tiinorafer taUd 
Camlrf nation or Hu 1 oilier 
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Inference*.—Show how the expression for the efficiency can bo ' 
obtained, ami dilute on tho advantages ami disadvantages of the 
method. 

The preceding method can bo slightly simplified by the 
following modifications. As in the above tost, the following one 
involves the use of an auxiliary generator or set of secondary 
coils, having the same voltage as the machines under test and & 
current output of about 8 to 25 / of that in the armature of a 
or /?. Being in [uuullel with the machines to be tested, it takes 
tho form of an added current to the system at tho same voltage 
as the combi nation under test. The present tests m o mere con¬ 
venient, generally speaking, nod much simpler us regards starting 
than those of No. 83. Fig. 88 shows the connections, and the 
apparatus required is much the same ns in the preceding method, 
except that the change-over switch C, Fig, 87, is dispensed with. 



The field* F 1 . and P t can be connected as shown in Fig. 88 
instead of as in Fig. 8? if preferred, and it will then be noticed 
that 87 and 88 are electrically the same when the change-over 
switch C is kept as shown, and an ammeter fr/J inserted in one 
of the leads connected to it. The source of supply y, whether 
power mains or a third generator, mast have a voltage at least 
equal to that of either a or (1. Further, tho losses in a and § • 
are measured directly, and are small compared with the output' 
of a and /i; hence a small percentage error made in measuring 
them will be Very small compared with tho output of a and /i, 
sad will have but Little effect on the resulting efficiencies. 
When two machines of the some size and type have to bo 
tested, this method is almost always used in works for deter¬ 
mining their efficiency and heating on a f uli-load time test. 
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ObtemtioM.—(1) Connect up as in Fig. 88 and set alt tlio 
instruments to zero. 

(2) To et;o , t up, put if, full in and fill, cut Il a to rhoit cimiit, 
eu that the fields I\ and Jy ate as nearly us [tugsiUe of equal 
and maximum sLrenglliB, 'Jliou close S and slowly cut out JI V 
when tlio madiinoH will start tip as two similar motors in 
parallel on no load. The ammeter A will now road about lialf 
that of (o) because a will be taking about half the supply 
current. 

(3) Now weaken the field ]'n of tJio macliinc (J by slowly 
increasing ifj, which will cause it to run finder and act as a 
motor, driving n as a generator. The reading of A will silimb 
lancously full, wliilo that of (i») will remain nearly constant; 
and when A becomes »’ro, tlio voltage of a will have reached a 
valuo just balancing that of tlie supply y, and («) will indiralo 
the curmil required to run u and fi together at 0 loud. 

On still further increasing U a the current through (,i) will ho 
reversed, indicating that a is now commencing to supply, instead 
of receive, current. 

Rote.- For this reason A should bo cither of the moving soft 
iron needle type of instrument, or of the muving coil prnnanent 
magnet type cntumeteil in circuit through a reversing switch, 
otherwise a central zero moi ing coil typo must be used, 

(f) Take a srricsof lived currents,as indicated on (d), differing 
by about equal amounts between t) and tiie fn'l-load value for 
cither machine by still further increasing noting Iho read¬ 
ings of all tho instruments and tlie speed at each load, V bdng 
constant at about normal voltago. 

Rote. —This circulating current A between tlio niarliincs a 
and (i will increase with tlio dilferenec lictwrou their field 
strengths; and tho limit is read ml when the combination of 
a large current in the motor armature, and its weak field and 
high speed, causes excessive sparking. 

Tabulate yuur results as follows— 
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N*u« > . . Dm . , , 

Machine »; Nu. . . Typ# ... Ncrol!Output— . . . Volu — . . , 

Atnjn — . . . . . . 

„ p So. ... Tjl'«. ♦, NoihiiI OutjmL— . . Volts — ... ■ 

Ai»|«.“ . . . Hj*VI , , 


Kjvcrt 

in 

Mu In. 

Gi'Ejnatoi (a). 

Cm nut 


Efficiency uf 

Anijii 

{A). 

Vctlfci 

in 

tltilpal id 
W tills 

rr=- a.w 

frtini 

Naiih 
( a) Aw pi. 

Nitlor n 
+ 

CuiufaniltiDn 
X A 

f.'7Tri 

EiLVirr 

Watlmto 


_ 

1 
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(5) Plot curves having values of E and E x ns ordinates, with 
\V as itbsciswe. 

Inferences.—“Wlmt emirs, whether small or largo, is the 
method liable to, und on what does tins accuracy depend 1 


(85) Measurement of the Commercial Effici¬ 
ency of a Generator by means of a 
Transmission Dynamometer. 

Introduction.—This method of measuring the efficiency of an 
electrical generator, namely, by meins of a transmission dynamo¬ 
meter, can be applied to a direct current generator equally as 
well hs to an alternating current one. As, therefore, the 
application of the method to each of those two great classes of 
machines, to form two separata tests, was considered superfluous, 
preference wub given to its application with an alternator, ia 
that the output of a direct current generator is at once given 
by the product of the volts and amperes, while that of an 
alternator may present sotoo difficulty to obtain accurately, the 
reasons for which are carefully explained, The actual measure¬ 
ment of the driving power by the dynamometer is obtained in 
precisely the same manner no matter what generator is being 
tested. 

Thera are many different methods of finding the commercial 
efficiency of on alternator, depending in some cases on whether 
the armature rotates or is stationary, on the capacity of the 
machine, and on the facilities at hand for testing. In all case* 
the commercial efficiency a “mean" useful power developed-t 
iotal power absorbed by the alternator, the latter lioing - power 
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applied to tho pulley to turn il + the power used in exciting. 
The mean or true power developed is wittily obtained if a aon- 
'inductivo resistance, such ay a bank of glow lamps or water 
rheostat, is at hand which will carry the full load current of the 
machine, for then the true power » amperes x volts. This will 
not be truo if tbo resistance U inductive owing to the * phase 
difference " between the current and voltage. For such a case 
the true power may bo obtained by a non-inductive Wattmeter 
or the 3-voHmetor method (p. 379), ale. Tho power applied at 
tho alternator pulley to drive it w very commonly obtained by 
indicating the engine*, eapedally in largo “ sets." In tho present 
case a transmission dynamometer is used to moftBuro tins power. 
It is of the spring typo, and tho means for rocording the 
readings of it wciu devised by Prof. W. Stroud. The indications, 



which nro recorded electrically, represent tho nett pull, or 
difference of tensions in tho two sides of the bolt in lbs. Then 
knowing the speed of the alternator and tho diameter of its 
pulley, tho H.1*. can at onto he dtxhirod. Fur a full and 
detailed description of tho dynamometer, see Appendix, p. 625. 

Apparatus—Alternator 1) to bo tested ; transmission dynamo- 
motor complete with its iu dialling galvanomalui! (I (p. 025); 
tachometer, a-c ammeter (d) and voltmeter (V ); I)-C am¬ 
meter (<i); switch S', and non inductive resistance or lxiuk of 
lamps R (p. 598); exciting circuit containing ammeter (a), 
rheostat r {p. 599), switch and exciting E.M.F. ft. 

Observations,—(1) Connect up as shown in Fig. 89, and sea that 
all lubricators in uxo feed slowly. Adjust tho secondary E.M.F. 
(p. G29) for use with the dynamometer, so that when placed 
directly across tbo terminals of G , a full sea la AjftvtiflJi is 
produced. Than insert it in its proper place. 
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(2) With tile alternator bolt on t!io loose pulley on the 
countershaft, start the motor whirl) drives this shaft, and, 
note the mean deflection on G for different speeds. If this' 
is appi-eritiblo it innst bo deducted from each of tho readings 
which follow. 

(3) Now throw ll)o belt on to the fast pulley so as to start D, 
and without S being closed or the field excited, again note the 
mean deflection on G for different speeds. 

(4) Adjust the speed of I) to give normal frequency and the 
excitation to give noiinal voltage on V. Note the reading of G, 
with S still open. 

(5) Close S and repeat 4 (keeping the speed constant) for 
about ten different load currents on A, lining by = increments 
to tlie maximum permissible by varying (/i). 

(6) Repeat 4 and 5 for frequencies of 40 j and 75% of tho 
normal respectively, and tabulate as follows— 

NaMR , « . iJAlg , . , 

AUmuttor—No.. a • Matter... Normal «iul|nit = < * . Wall* at , . Urn ]>pi hi ii 

Hofciitance oJ fitting C"ilg (>) « . . . nliln*. l)i3me<Pi ofailiruat-T fwill, v4 ” ... It. 

n „ iruiatma(«anu)r.i =-. Circumfui ciro „ „ = 
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(7) Plot curves for ciudi speed hiving A mid nvFiil IT,F. 
developed as absci^arc, imd V and ofliciencics ns ordinates 
respectively. Also between 1I.P. developed ns ordinates, and 
II,P. reqnirod to drive ns abscissa:, 

BTote.—Tho nett pull of lhe bolt in lbs. must bo obtained 
from the deflection of 0 with roferenco to tho latent calibration 
curve of tbo dynamometer. 


The Testing of Continuous and Alternat¬ 
ing Current Electro-Motors. 

General Introduction.—Since the production of the electro¬ 
motor in its more practical form within recent years, the uses 
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to which it has been applied, fur the electrical driving of work¬ 
shops, haulage, electric traction, etc., etc., have assumed such 
* proportions as to raako the different fornjB and types of electro¬ 
motor at tho present day multitudinous. The systematic testing, 
therefore, of such machines becomes of considerable importance, 
in order that n comparison may he obtained and a judgment 
formed of the weak points of nny particular type, together with 
its performance and qualities (whether good or bud) which it 
possesses. 

No motor, least of all one intended for electric tram and 
railwoy work, should loavo the makers’ works or bo installed in 
its proposed occupation without being first thoroughly tested for 
t the following points—(a) Jtoipfcttkte, or conductivity of its 
cloctrical circuits; (i) Insulation resistance between larlft or 
framework of the machine and tho copper circuits both imli* 
vidually and collectively; (c) Erako hwstpowtr ; (d) Ejftcitncy ; 
(*) Jlcafhnjt or rise of temperature of tho various parts of the 
machine after a run at full loud for a specified lime. These tests 
we mny now consider more in detail. 

(а) Uopi’Kkt Resistance.—T hat of each of the copper circuits 
should bo separately measured, by the Wheatstone Bridge in the 
ordinary way (p. 81) in tho case of tho shunt coils or other 
circuit of several ohms, and by tho Potential Difference Method 
(p. 84) or voltmeter and ammeter method (p. 86) in tho case nf 
the nr mature and .sorica coils or other low rwi stance. 

(б) Insulation Resistance.—T hat of the various parts can Ixj 
oblaiix'd by Teats Nos. 4 3 and 49 (pp.113,129) or other convenient 
method, at a pressure of something like throe nr four times the 
normal working pressure of the machine. The insulation resist¬ 
ance of the machine as a whole, when tested at the normal 
voltage, should not be les3 than 2000 ohms per volt, whonce, of 
course, tlint of the individual coils or circuits will be much 
higher, Somo makers merely test the separate parts under a 
pressure of 2500 to 5000 volte alternating, cad if they stand this 
they are parsed aq satisfactory. This preuuro can conveniently 
be obtained by means of a small tc-sling transformer, stepping 
up from, say, 100 to 5000 volts, carefully set fuses being placed 
in circuit to prevent damage should the insulation break down, 

(c) Brake House Power.—T his may bo measured in one of 
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three ways, depending on the facilities 
at hand for testing; namely, by an 
absorption dynamometer, ill oilier words, • 
ft modified form of Frtmy brake, by tba 
“balanco” or “cradle" method, or 
lastly by the electriml method. Tho 
last two methods will bo described ill 
conjunction with their application to 
testa which follow later on, but wo will 
now consider the principle involved in 
tbo first-named method, reserving the do- 
srription of some convenient forms of 
brakes until Inter. It will be sufficient 
if we consider the principle of the 
simplest form of brake, consisting of a rope or band ak, of 
diameter or thickness (J), lapped with any arc of contact 6 (in 
circular men sura), from a fraction of a turn to more tlinn one 
turn, over the foco of tho motor pulley 1\ having a nidi us (r) 
and which rotates we will suppose counterclockwise, ns indi¬ 
cated in ¥ig. SO, To ono cud e is attached a large weight 
17, and to tho other (n) a small ono to. Now when the pulley 
,P is at rest, 17=tension on the riglit-haud or “ tight" eido of 
the rope, while teethe tension on the loft-hand or “slacker" 
part of the rope. Then, as 1’ rotates, tho couple or torque T, 
duo to the force of friction between the ropo -ami surface of tho 
pulley, tending to resist motion, and against which the motor 
doeB work, is— 

T- ( V /- v)(r 7 Iff) pound feet, 

whore (J7 and in) avo in lbs. and {r and if) in foot, (17-to) 
being the difference in tensions or nett local on tbo brake in 
lbs., and (r + the mean ej’eetivi radius in foot (of pulley 
and rope together) at which the nett load acts. If (a) = number 
of revolutions per minuto made by then 2iro GO - - oj, the 
angular velocity of the pulloy, and the work per second, or Lhe 
rate at which work is done by tho motor on the pulley -w T. 
Hence we liave— 

H.P. developed = (17 - w) (r + \d) 2irn-r 33,000, 
where 1 H.P. is equivalent to 33,000 foot-lbs. per minute. 

All the power thus measured and appearing at tbe pulley is 
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wasted in heating this latter, and herein lies one of the chief 
difficulties in testing larger ll.P.p, namely, the getting rid of 
the heat 50 generated by friction, for not only is the heat liablo 
to burn the rope in two if tho power of the motor is sufficient, 
but it also affects the co-clfi dent of friction (p) between the 
rubbing surfaces, thereby causing tho brako to jork ami prevents 
ing any steady landings being taken. 

To obviate this trouble, either the pulley must l>e water-cooled 
(see p. 633), or readings inui>t bo taken immediately after adding 
a weight, and then the Weight released from the rope. The 
trouble is further intensified by the motor running at such fast 
speeds, which is common to this type of driving power. By a 
slight modification of this form of brako, viz. substituting a 
spring balance for (wt), tho brako becomes automatically self¬ 
regulating for variations of p t for then if p suddenly increases, 
IK rises, and (w), which now is the sprjqg-bahvnco reading, de 
creases, therefore IK-to increases and restores tho brake to it a 
first position, Tho coefficient of friction p can ho calculated 
thus— 

Let arc of contact (in circular mensuro) botwocn cord and 
IK 

pulley, then -- = 
w 

where < —base of the Napierian logarithms —2'71828, 

Tho friction surfaces (in contact) of the brako should bo as 
largo ns possible, in mdor to readily digsipcilo tho heat generated. 
Mr. Miiw gives tho following rule for finding the smallest 
dimensions of a brake pulley: if II,P. = hnrso power to be 
measured by tho brako, and t = peripheral velocity of tho pulley 
in feet per minute, uud (2) = width of rubbing surfaces in contact, 

measured axially, then y’-- must not bo less than 700, 

(i7) Kmciisscv.—Tli is can at once he obtained if the olectric.il 
II.V. afoorbud by the motor for a given 1U1.P. is known. If 
A nuipn w as read off on the mu meter is passing into the machine 
ut a 1\1). of V volts read on the voltmeter placed across the 

A V 

terminals of tho machine, then the input or EJJ.P. 
where 1 U.l\ = 74C Watts. 

Ir , - i n- - B.H.P. B.ir.R lflAlV 

Hence the commercial efficiency ^ ~ p ~ U! iTv 
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(«) Heatino. —This may bo limited by specification or the 
question of safety to the conductors, and also considerations of 
overloading. It is not advisable that tbo rise of temperature of 
any part of the machine should exceed 40' C. above that of the 
external atmosphere after a six hums’ run on full load. The 
tempera Lure can oo obtained by placing the hulb of a thermometer 
on the part to bo tested and covering it over by some cotton 
word. This can only bo done to tbo armature at tbo moment of 
stopping, and it will here lie noticed that a sudden rise of surface 
temperature occurs in tho armature at the momnnt of stopping, 
due, of course, to the ceasing of tho ventilating action which 
goes on while it is rotating (sec p. 216). 

(86) Variation of Speed with Voltage across 
the Armature of a D.C. Electro-Motor 
(at Constant Excitation). 

Introduction,— 1 This is an itnpoiinnt tost, in that it will 
familiarize tho student with the fundamental principles under¬ 
lying tho regulation ami control of motors. It can Ira carried 
out on a series, shunt or compound wound motor, so long as the 
corresponding change in the connections and means for main¬ 
taining roinfant ucitatiim aim made. As, however, tlio same 
result is obtained with each typo of motor, wc shall operate the 
teat with the simplest typo, viz. the shunt inotur. 

JfOtO.—In n series motor tho field regulating resistance, at 
least oqual in \aluo to the resistance of tho serins coils, must bo 
shunted across them; whereas in shunt and compound motors it 
is connected in series with the shunt coils, and lias a resistance 
and current carrying capacity at least equal to those of tho 
shunt coils. 

Apparatus—Shunt motor, of which M is the armature and 
p the field; main circuit variable rheostat It, ammeter A, and 
switch <S, each capable of dealing with tlm full-load current 
of M ; voltmeter I r and supply mains of voltage E each 

for the rated voltage of if; field rboostat (r) and low-reading 
ammeter (o); tochomeler. 

Observations.-- (1) Connect up as shown in Fig. 91 and adjust 
the pointers of V, a, and A to zero if necessary. 
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(2) With (r) all out and R full in, close S an<l gradually cut 
R Out to short circuit uh M gains speed, then adjust (r) to get 
normal speed (it), Noto tlio readings of V, A, ami a, which 
last-named must now bo kept constant throughout the test by 
varying (r ).—(Sec that tho lubrication of Al is working). 

(3) With the motor still running light as in (2) above, vary R 
so as to obtain some eight different speeds (</) in about ei]ual 
steps helween 0 and tho normal, and note tlic corresponding 
reuilings of V, .1, and « (a being kept constant throughout). 

(1) Hopeat (3) with the motor running at full loud (if arrange¬ 
ments [k rmit), and for tho same vnluo of constant field current 
(a) as liefore. 

Kite.—-The loading-up nf motor can most conveniently be 
effected by means of an eddy-current brake or by taking any 
desired output from a coupled generator. 



(5) Repeat (3) and (4) with, say, half the previous excitation 
maintained constant and tabulate all yuur readings os follows— 

Nisi . . . L)ai< , . . 

Uelor No. ... Tjiio . . , AruuiLnre r — . . . ofaina . . . 

Full Luui:-lUI.P. - . , . Vdl» - , . , Anj» - . . . ExcUuitf Amp*. - . . * 

R p. in. , 


Mr>tiir 
"lulling 
LvM or 
Loaded. 

Sut'i'ly 

Vulu(F) 

on 

Arzntturc. 

liM!\ 
k al.r. 
b-V-A.y 

or 

Armature. 

AimaLiib 
A ui^ia. (A). 

CWtwil 

FmUl 

Uwi(l>> 

Armatnia 
H|«td in 
ru. <r). 

a 

r 

M 

7 

nilaled 

alia*. 

» 1 S 
i | A 










(G) Hot to tliO siLir.it pair of axes, curves having upccd (;f) m 
ordinates with values of 7, A, and 
Rfl abscissa, 

Inferences.—State clearly vrlwt you can deduce from the 
table of results and curves, and dhow how they can bo applied 
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to the design ot a main circuit current rheostat for controlling 
the speed of the motor. 


(87) Variation of Speed with Excitation in a 
Direct Current Electro-Motor (with Con¬ 
stant Supply Voltage on Armature). 

Introduction. —The render should peruse tho introduction of 
tho last test, the remarks in which apply to tho present test 
also. In addition, it muy ho pointed out that when the motor 
is running light the back E.M.F, will remain nearly constant, 
since the power required to drive ia u&nally very small, and is a 
consequently tho increase of speed will be almost inversely 
a to decrease of field strength, 

Apparatus.—'That requited for the present test is precisely as 
detailed for the last one, and need not be repeate<l again here. 

Observations.—(1) Connect up exactly ** shown in Fig. 01 
of tho last test, and adjust tho pointers of V t a and A to zero if 
necessary, 

(2) With ( 1 *) all out and 11 full «i, close S and gradually cut 
R out as the motor gains sj>e<?d, until V reads the normal 
voltage of the motor; then adjust (<■} to get normal .speed. 
Note the readings of A , a and F, which last-named must now 
bo kept constant throughout the test by varying 11 (we that tho 
lubricating arrangements of the motor M (Fig. IM) aro working), 

(3) With Hit motor still rttmintj liffkt, as in (2) above, vary (/) 
80 as to obtain some 8 speeds (;p), differing by about ctjuul steps 
between 0 and the normul value, and note the corresponding 
readings u£ A, <1 and V (V being kept constant throughout). 

(4) llepeat (3) with tho motor running at full load (if arrange¬ 
ments permit), and for the .same constant value of V && before. 

Note. —The most, convenient way of loading up M (fc'ig. 9i) ia 
by means of an eddy current brake, or by taking tho required 
output from a coupled generator, 

(5) Itcpeat (3) and (4) with, say, half the previously normal 
value of supply voltage Y across (he armature, maintained 
constant, and tabulate as follows— 
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Nmiu , . , Dtt« . . , 

Motor ; No. . . » Type . . < Anuxturo fid. (r) j . . , otima. 

VtiM Dull (l)“. , . u'ihv*. 

# Full tcwl: u IT.r.- .., Volt*.— . . . Amp*.— « .. Fl*ltJ . H pi. — . .. 


N»lnr | 

AllrintUTC 



| K.flil Dili rvnt (rt). 

nH'Nin>: < 
ua , 
lidded. 

W ! A 7> 

V (count.) | A 

Rpffil 

M 

hf*ld Kiwi 

* ]/l(. 

i'/n. | 
1 

ilMh.adlu^. ^JVbclikIIh^ 


1 



1 



(fi) Plot to the same pair of axon, curves having speed («) as 
ordinate* wiLli values of (A), (<t) and (#i vpply vohtuje twos* 
Jl]jM a : «) as ahseixfue, and between 1/a nn ordinates with («) 
os alwrissii'. 

Inferences.—State clearly w r hut can be deduced from the table 
of results and curves, and show how Uicko can be applied to the 
design of a Held regulating rheostat for controlling the speed of 
ilie motor, 

(88) Variation of Voltage, Current, and Speed, 
with position of the Brushes around the 
Commutator of a D.C. Machine at Con¬ 
stant Excitation. 

Introduction.—Although the usual practico now in to design 
D,C. generators and motors with a fixed diameter of commuta¬ 
tion and imiuovablo brush-burs, sptsjial crises are met with in 
which provision is made for moving the brushes through eon- 
&idc ruble angular space round the commutator. As is welt 
known, the terminal voltage of o generator and tlio speed of a 
motor is each capable of variation by moving the brushes, while 
a motor can even be stopped and reversed by so doing. In fact, 
where the variation of voltage or speed required is net large, 
it can be obtained by brush movement without expensive field 
regulators and without altering therefore the field strength--a 
feature which is sometimes valuable, while most machines will 
admit of quito an appreciable brush movement without much 
sparking, when running light, such is nob the ca«e when they 
are running on load, so that the scojo of this test may Le limited 
by the amount uf sparking. Further, it will bo found easier to 
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apply the test tu a motor than to a generator, and we bIiaU 
therefore operate the prevent test on a motor* 

Apparatus. —tiliunt motor, of which M is tlio armature ami F 
the field; main circuit variable rheostat (/?); ammeter A , and 
switch S t each .capable of dealing with the full-load enrront of 
M ; voltmeter V and supply mains of voltage Ft at least 



equal to the normal for M\ field rheostat r and low reading 
ammeter («); tachometer and, if possible, sonio scale for indicating 
the angular motion of the brushes round the commutator. 

Ohierfation*.—(1) Connect up as in Jj’ig. U:!, adjusting (T) 
(.4} and (a) to zero if necessary, and {R) to a vatu* not less than 

the Ratio arjf -—^, V< ^ iin — o/ 4/;w so as to prevent the full-load 
full-loud current * 

motor-current being exceeded if the armature comes to rest or 

its speed increasing too rapidly as the brushes arc moved. 

Vote.—This value of li will he given by blocking the armature 
and with normal excitation, noting the value neccssaiy to give 
full-load current on A, 

(2) Shut the motor either by using the ordinary 44 Starter,” 
or by {R) temporarily increased before closing «S', and then 
gradually cutting out R until normul speed is reached - • tits 
brushes beimj in the normal fnil-load runni.uj position and the 
excitation adjusted to normal full load value. 

Now note tho values of V, A and («), and tlio upeed, ^ 

(t) Next keeping (<c) constant at the above value, adjust Rf 
to the minimum valuer allowable and found in obs, (1), and note 
tho readings of V, ;l and speed for normal position of brushes 
(as in obs, 2), and for a senes of different positions throughout 
an angular distanco = £ the polar pitch cither side of their 
normal position. 

(4) Repeat (3} at the nearest B.ll.P. load to full load which 
it is practicable to run at, and tabulate os follows— 



ELECTRICAL ENGINEERING TESTING 


241 


Ntma . . . . . . 

UvUw: Nd. . , . Tjirt . . . 

P-illl-wl B Tf.P,- . . Atnj^- . . VnUi - , . . Up in. - . . . 

Aticalure ncrmlanr* v c -» ohm. Normal EmtaUwi^ ain)H. 


run ii nil 
Biulu a. 

Spocd In raia. 
pT min. (k). 

Arraalnro 

Dull 

K U.t' M 
V-A* a 

Kidd StiTIuzlt 
« //a. 

V.1II1 V. 

Air |w. A. 






_ 1 


(5) Plot curves on the some axes having values of brush 
position (normal ns origin) as alwciH^rn with values of efn, V, A 
unci speed respectively as ordinates. 

Inferences,—Statu clearly what can be deduced from the 
results of your test. 


(89) Efficiency and B.H.P. of Direct Current 
Series Wound Electro-Motors. 

Introduction.—The seiies motor in general possesses some 
characteristic features which it may he well hero to nolo in viuw 
of Iho prominent placo this type of motor has, and still is, taking 
in electric traction and power work generally. Since it can bo 
shown that U 10 torque T of tlio motor in given by the relation— 

t _j:na 1 ^ air m Kzi = . t-w* 

IV 2v )' 4 2ir J'n 
where /?=nntkil)Or of armature conductors all round, 

jV^numltGr of lines threading the aTmatore or the useful 
flux, 

A q number of amperes of current through armature, 

E and t — impressed and bark K M.F.s of the mains and motor 
respectively, 

n*= speed in rovs. por second, 
and r* = resistance of armature circuit. 

It will bo at onceevidont tliat tho torque exerted is a maximum 
at starting, t.«. when n=o, and that it varies as the armature 
current A v since N also varies os A v 
Again, when the motor is f< running Vujht M at its maximum 
apoed 2 r = 0 nearly, for then the back K.M.F, generated almost 
- that of tho mains K. 

Tims a series motor tends to race directly the load is 

R 



M2 
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suddenly removed, wliicli is ail undesirable feature for workshop 
driving. 

Too fact that T — maximum at starting, and that the motor 
will start on full load, is a moat valuable property for traction 
work on tram and railway lines. 

In tho following Fig. and all alter it, the motor is represented 
symbolically, (a) denoting the armature, commutator, and brushes, 
find FM the field magnet coils, which in this case, being scries 
wound, are represented by a few curly lines. 

Apparatus. —Electromotor (series wound) to be tested, fittod 
with an absorption dynamometer or brake (Fig. 296); ammeter A; 
voltmeter V; variable rheostat R (p. 606); switch S', battery 
or dynamo II, giving the requisite voltago needed for the motor, 
and speed indicator and set of half-pound and ono pound weights 
for the brako, also a lubricant if necessary. 

Observations.—(1) Connect up as indicated in Fig. 93, and 
adjnst tho pointers of A, V, and tho tachometer to zero if 

necessary. See that all lu¬ 
bricating cups in use feed 
slowly and proparly. 

(2) See that R is at its 
full, thou carefully remove 
the brake from tho pulley 
and close S. Take a series 
of gratlmdiy ascending and 
descending observations (by 
varying R) for about ten 
different speeds, ranging by 
about oqual intervals between the lowest readable on tho techo- 
metef and the minimum safe speed for the motor, noting this 
speed and tho corresponding values of A and V at each. 

(3) Replace the brake and repeat 2 for no weight in the 
pan. From 2 and 3 the lose in Watts in the brake can be 
found. 

Note.—It will probably bo necessary to exert a rery rmaU 
pressure by the finger on the brake in 3 to prevent it being 
carried round as tho pulley rotetoe. No appreciable error need 
be introduced duo to this. If a form of brako is used in which 
no loss of power can occur other than that incidental to its 



Fto. S3. 



ELECTRICAL EmiNEEBma TESTING 


243 


use when actually measuring power, then omit obs. 3 and also 
the last aovon columns in the next table, and substitute a 
column headed A l F t watt* to run motor at no load. 

Tabulate your results as follows— 



(4) With the brake carefully replaced on the pulley and the 
smallest weight in the scale pan, close S and by varying R adjust 
the speed to the lowest convenient, Note this and tiio reading of 
V and A simultaneously, and the weight, 

(6) Repeat 4 at the same constant speed for ten or twelve loads 
or weights in the pan, ranging from the smallest to that which 
will cause the current to rise to not more thin 25% over normal, 
(G) Repeat 4 and 5 for tho maximum allowable speed and an 
intuimediato one, each constant throughout, and tabulate your 
results as follows— 

Naur . , , Dais , , , 

Volar total: No. , . . T>po ■ • . UnW * .« Weight . ,. 

ItoktAnca: ArniRt.ii i or M * . . , dims. Sortocoilir, ■ , , . chin* 

XITpcUre i vitas at Bnta pulley and land f m . t ,H, 

Nonutl B.TT.P. n , Am]* - . « » Volta - . . » Pj«ced ■ . ,. rev*. per ml a. 


Hcv’i. 

ixrmitL 

Weight 
m r»n 
IF (I be) 

i 

WflghL OP 

Spirit 

balance 
TM Jins 

• Olit) 

N«ilt 

Tnmue T =r 
<ir-ir)r 
QicmiuI root). 

i ! 

VoltJ 

*i 

Amp* 

Jp 

I Ittal 11,1'. | 

Coiitrifrdal 

BQIi'miucj 

-2,™* 

jftbRnrtml 

7« 

dim lopal 
/*- 

n*r,r n 











Note.—The true IT.P. developed = H.P. calculated + 1T.P. lost 
in broke itself. 

(7) With the brako removed from the pulley and R full in, 
close S and obtain the maximum speed allowable. Note this and 
also simultaneously tho amperes (d t ) and volts (Kj). 

(3) Replace the brake and add weights to the pan so as to 
obtain about ten different loads to the point wbon the largest load 
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6 tope the motor. Note the current A t and speed («) nt each, tho 
volte V 4 having been kejit constant by altering 11 to suit the load. 

Note.—Tho curreut should not oxooed about 40% above the 
normal. Tabulate your results as above. 

(9) From observations 2 and 3 plot the following curves between 
(ft) Yolts }\ ns ordinates and the corresponding speeds (n) 
as abscissa!. 

(t) Drake loss 1 Y„ ns ordinates and the corresponding speeds 
(a) as abscissa*. 

From observations 1-6, plot for each spend curves between 
(«) Kllicicney anil current as ordinates and corresponding 
11. H. t'.s as abscissa). 

/I 


I 

ii 

\ c 

' -- - . ■ h 

* f d Speed B 

Pig. 01 

From observations 7 and 8 plot the following curves between 
(if) Tho speed in each case and E.H.F. input, B.1I.P., and 
efficiency. 

(«) Tho speed and current as oniinates and torrjuo as abscissas 

(10) Calculate the coefficient of friction (a) between the brake 
band and pulley for various loads and for the arc of contact 
employed. 

From the curves 9 (J) deduce the relation between the speeds 
that givo maximum efficiency and maximum Tl.H.P, respectively. 

Inference*,—State very dearly nil the inferences deducible 
from your experimental observations. Explain fully tho curves 
obtained in 9 (if) above. 

Note,—The general form of the curves (if) 9 abovo are shown 


sis 
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in Fig. 91. Tho diagram dun fct> Mr. Knpp is an exceedingly 
useful one for socing the relative fl.P.s and oflidfney. OcD is 
'the B.IIP. curve, OaB is tho efficiency curve, and Ahk is fIte 
E II. P, (input) curve. The shape of this Inst varies with the 
type of series motor run off constant potential majns. The ordi- 

cJ 

nates, such as of tho efficiency rurvo OaU= ^ at tins and 
similar points to any arliitravy scale of ordinates. 

(90) Efficiency and B.H.P. of 500 Volt Direct 
Current Series-Wound Tramway Motors. 

Introduction.—The particularly heavy and trying work which 
a tramway or railway motor boa to perform renders it all im¬ 
portant to subject tlio machine to tlio most southing tests for 
defects or other faults at tho outset. Such tests are twofold— 

, (1) A complete test of tho motor at tlio works of the makers 
and again when fixed to tho car, 

(12) A tent of its performance when driving the ear on some 
approved route oil the system, "With regard to this case, lho 
worst routs of tho whole system is chosen, 1 . e, one having tho 
steepest gnuliimls and sharpest curves. 

Tho cai 1 is loaded with nn artificial load, such as sand bags, for 
instance, 11 pud to the full load of passengers wliidi it is intended 
to carry. Xt id then run os continuously as pwriblo along that 
route with live-seconds (.tops every five minuter for Fay two hours, 
Tliis test is considered sal is factory, if, at l ho cud of t)uit time, 
all lias gone on satisfactorily and tho tompci i dura of the arma- 
tmuj and commutator of the motor lias not ri>on above the 
prescribed limit. 

Next, with regard to tho “ Works Tcets.'* Besides tho cfiicicncy 
test at various loads, tlio motor should ta run at tlio average 
speed it will ruu at in practice, say that corresponding to eight or 
nine miles per hour of tho cor, for four to six hours at the 
maximum load which the motor is intended for. 

Except in the case of electric railways, where the car or 
engine axle is direct driven, single reduction gear between motor 
and car axles is almost universally employed of between 4 75 aud 
4*86 to 1. 
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The sixes of tramcar wheels are usually either 30 inches or 
33 inches in diameter. The remarks mentioned in the Introduction 
of Tat 8 !) should he carefully read ond remembered, when the' 
performance of the meter on test will at once be obvious. 

Caution .—The operator* qf the controlling rheoetat ewitch-gsar, 
eto., muel stand on tht India rubber mat provided, and most on no 
account touch any live metal work on the circuit of the 300 volt 
generator and tramway motor. 

Great cere must le taken to insure tltal the rheostat in the main 
circuit of the motor it full in before closing the main switch, and also 
that ii is at once re-inserted before pulling out that switch onstopping. 

The appumtus and connections of the preceding test are those 
now to be obtained, and the observations, as there given, to be 
carried out. In addition to curves 9, a—a, plot two on the snme 
curve sheet, having speed as abscissa, anil both torque and 
amperes as ordinates. 


(91) Relation between the Starting Torque 
and Current in a D.C. Electro-Motor. 

Introduction.—It is very instructive to compare the results 
obtained in applying the principlo nf the present tost to series, 
shunt, and compuiind wound motors, but it may also bo applied 
to alternating current moturs. Tho torque or turning effort by 
the armature on its shaft, measured in terms of a pull, acting at 
a given radius or leverage from tho shaft centre, and tending to 
turn it, is expressed in pound-feet, usually, in this country. In 
a motor it results from the inter action of tho field magnets 
and tho field of tho armature as set up by the currents flowing 
through it, and is a to tho product of these two field strongtlu. 

If C “ the number of cflfoctiva conductors on tho armature ; 
jY =» the effective magnetic flux cut by them or flowing in 
thu core; 

A = tho armature current; 

then it eon ho shown that tho torque IT) is given by tha 
relation 

ON 

8 -fld X 10* 


T 


X A. lb. ft. 
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an oppression independent of the speed of the motor. 

T x armature currcut X field flux * AiV, 

In a BCries motor, the field llux N will vary as yt varies, up 
to the point of magnetic: saturation of the field magneto, when 
it will he practically constant. Any further increase in A will 
give tlio relation 

T <x A. 

This also holds for a shunt motor, in which the Hold excitation 
is practically constant and near saturation. 

In a compound or differential motor, however, tho shunt and 
series windings opposo each utlicr magnetically, and hence on 
starting it may happen that they nearly balance, thus giving 
practically aero starting torque. 



In capstan, windlass, and all traction work, maximum torque 
is required on starting; and since the series motor fulfils this 
condition and is exclusively used for tho purpose in D.C. work, 
wo will cuimidor tliis typo of motor to he the one used in tho 
present teat 

Apparatus.—Scries motor II to l»o tested on a suitable D.C. 
supply A'; brake-blocks U with yard-arm L and spring balance 
IF; ammeter A ; switch S\ and variable current rheostat ii. 

Observation*.—(1) Connect up as in Fig. 95, setting A and IF 
to zero if necessary. Clamp IS Bio tho pulley of the motor so as 
to prevent slipping (rotation), and with the ynrd-urm horizontal. 
Attach the spring balance IF at a measured distance L from tho 
pulley centre. 

(2) With Rfdl t«, close F, and adjust if so as to givo some 
ten currents through M and A differing by about equal amounts 
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between 0 and the full-load current of J/j noting the readings of 
IK and A at cnoh, 

Vote.—The connections of field F and animturo of If must 
be such that tho latter tenth to twin in tlw direction shown. 
Also tho yanharra iuay have an equal overhang a a shown, or 
be other wise balanced when horizontal. 

Further, as there will bo a good deal of static fiicLum at the 
motor bearings, the armature should be rotated by hand a few 
revolutions before attaching li B, so ns to well oil tho journals; 
and even thru the menu of several readings of J| r , taken for each 
value of A by disturbing tho position at which (fl) by the 
hand, 

(3) Take ail ascending and descending Berios of value of A , 
and tabulate as follows— 


Motor : Nfi. ,«, T>v« , ., B.il.P.-,,. VoU*,»... Awjh,»... 


AjiiJi*, ( A 

rill). V (Him.) 

Tuiqii, 7- ir.(, IK It | V.ili.u of Air. 



1 _ 


(4) Plot a curvo having values of A n* ordinates, and T a* 
abscissa*. 

Inference*,—Point out all that can be deduced from the table 
of results and shape of the curve. 


(92) Efficiency and B.H.P. of Direct Current 
Shunt-Wound Electro-Motors. 

Introduction.—If a shunt motor, supplied at constant poten¬ 
tial, has a very low armature resistance, high shunt coil resistance 
and field magnets giving a hold relatively very much more power- 
ful than that duo to tho armature, tho variation of M lead 0 of the 
brushes will bo slight and the motor will bo ill most solf-reg ala ting 
in speed for wide variations of load, i, 0 . it would run at constant 
speed independent of the torque. Tho falling off of the speed in 
shnnt motors as the torque increases will lie the less as the field 
magnetism is the more powerful. The brushes, in two pole 
machines, should press at opposite ends of a diameter, and to 
ensure eparklese running must Iinvo a 11 backward lead/' In all 
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caseB tbe efficiency = total power given out -1- total power put in, 
both being reckoned in similar units. Tho input is easily deduced 
from ammeter mid voltmeter rending^ but the output is more 
difficult to obtain accmutely. In the present test it is obtained 
by moans of an 11 absorption dyuamometur," whicli.we will assume 
to bo tbe modified form of Prouy llr.ike intreducoil by Raffard. 
Sncli a brnko wastes in heat all the j>oworgiven out by the motor 
through friction, hut at tho same time Forms a measure of this 
power. Tho arrangement is such that tiio brake automatically 
Ail justs itself to variations of tho coefficient of friction between 
the rubbing sui faces duo to licit. Iu brake tests of tliis nalura 
just sufficient lubrication (such as soap and water) and no more 
ensures smooth working without sudden jerks duo to seizing, and 
this, togolhor with experience in manipulation, is tho socret of 
tho success of suoli tests. 

If (r) = meun clloctive radius of pulley and band together iu ft., 
n —number of revs, per min , lb-■ weight in lbs. in scale pan, and 
ta— weight in lbs. at tho slurk sido of tho pulley ; tlicuthe angular 
velocity of the pulley w = 2*114-60, and the couple or torque 
resisting motion T= (IF- w) r ; thou the work done per soo. — c ?', 
and tho B.U.r. = (IK- w) 2wrn 4 33000. 

Apparatus.— Bhuut motor (1/) to ho tested; voltuictor F; 
ammeters A and a; rheostats H l (p. 600) and 11., (p. 599); 
switches S t and ; soiu-oe of current H ; speed indicator. A 
sot of 4 lb. and 1 lb. weights are provided with tho brake, 
together with a pump and bud; by means of which a slight 
dripping nf lubricant may ho allowed to fall into the central 
rotating pulley and hand. 

Note.—For further remarks on the testing of motors see the 
w flcncral Introduction ” on the subject, p. 232, et seg. 

Observations.—(1) Connect up as indicated iu Fig. 96 and 
adjust tho pointers of all the instruments to zero where 
necessary. Bee that all lubricating cups in use food slowly and 
properly. 

(2) Uneouplo tho absorption dynamometer from the motor 
shaft, Set /i, at their maximum values, and close Sy adjusting 
tho exciting current («) to tho noi-mal value by moans of /A. 

(3) Close .S’, and tako a series of gradually inci'cating and 
decreasing observations (by varying JJj) for about ten different 
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epeeds ranging by about equal intervals between tho lowest 
readable on the tuchmnctor and the maximum allowable for the 
motor in question, at constaM normal szcitalion, noting the speed 
and corresponding values of A and Y at each, 

(4) liepoat 12 uud 3 for oxciting currenta (a) 50% bolow and 
20% above normal respectively, 

(5) lte-couplo the brake and motor together and repeat 2-4 
for no weight in tbo pan. Flora 2-5 the loss in Walts in the 
brake can bo found. 

N.B.—I', will probably bo nccossary to exert a very email 
pressure by tbc linger on the br.iku in 5 to prorent it being 



carried round as the pulley rotates. No appreciable error need 
be introduced duo to this. Tabulate 1 your results as folllows— 





Without Dldikcr. 


With Hula 


8T*"d 
Rsi's. 
per 1/iJlt, 
(*> 

Kid ting 

curenf 

Amii*, 

(4 

Volta. 

Amt'S. 

VdIU. 

Aiii|H, 

T.rw* Jn 
Unit* in 

Vrtto 

IT|- 

Wj- 

''i'ij 

tt> 

| 

u 

a 

a 

a 

3 

tx> 

5 

Tl 

C 

1 

1 

i 

■? 

i 

ti 

1 

2 

< 

tc 

S 

■B 

□ 

1 

£ 

3 

a 

If 

g 

i 

s 

■5 

a 

s 

a 

__l__ 




_ 










1 If $ fonu of in wMdi ha Iom of pf'wer o*n occur nllirr itorn Wmt 

locHrnlul to it* uu wbiu nu’Munnff rower. ilion omll din, ft find id so the Kit 7 column* 
Id tb* ihoTO tftiilfl ipd »ut»lllnk» urionui bnadiid A t y j Witts torus JufitOfst U Imd, 


(6) Adjust both the exciting current (a) and the speed (»} to 
the normal for the motor being tested and keep both constant, then 
take a series of roariings of A 3 and V t for somo ten (liferent loads 
varying from tho smallest weight in the pan to tlm one which 
will give an armature current not exceeding 25% over qormal. 









Bnwditi 
JttM. 
per min. 

*. 

Wn'gM 
lit pnri 
3(1W 

La-ink 

WOlyht 

Nett 

Torqus 

pound ft. 

TuM 

ir.P. dirVPirnpd 

"^IfckJOlT Tlu 

Aminture. 

Tutal H r 

absorbed 

U 2 m 

Kj+a^Ti 

XoiDdoncf 

-1Mx ^ 

T 

V'olb 

IV 

7Jb 











Note.—The true II. 1’. developed = H.P. calculated + H.P. lout 
iu brake itself. 

(10) From experiments 2-0 plot curvos between, volts 7, as 
ordinates, and speed (n) os abscissa), also with brake loss os 
ordinates and speed as abaci seas. 

From experiments 6-8 plot curves for each speed, having 
efficiency as ordinates and total H.P. developed as abscissa-, 
also between the latter ami speed os ordinates. 

From experiment 0 plot tho mechanical characteristic curve, 
haring speed and current as ordinates and tori{ue as abscissae. 

Inference!_Whet cm you deduce from the results of your 

experiments, especially from observation 01 


(93) Efficiency and B.H.P. of Direct Current 
Compound Wound Electro-Motors. 

Introduction.—Tho Compound Wound motor is an automatic- 
ally self-regulating ono for maintaining constant speed independ¬ 
ently of tlio magnitude of tbe load. 

Without considering tho thoory of this regulation, which ia 
outside the province of tho present work, and for which tho 
reader should refer to standard theoretical works, it may be 
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remarked that tlio desired result is obtained by employing tiio 
Ernies nml shor t rails to magnetize the field mngnots differentially, 
i.t. while lire shunt magnetizes, the series coils dt-majiietia. 
This differential compounding results in the production of a nett 
field at any particular load sufficiently greater than what would 
he given by an equivalent pure shunt meter to cause the hack 
K.M.F. to rise sufficiently to maintain, the speed constant. The 
efficiency of such motors cannot manifestly be so high as ono of 
the same size which is not wound in this way, since an •xtr.i 
amount of power is used up in producing the demagnetizing 
force which actually destroys part of tho fiold. 

Apparatus.—l’rcciscly similar to that required for the shunt 
motor lest (p. 2-lfl). 

Observations.—These arc tho simc ae for tho above-mentioned 
shunt motor tObt, and will not consequently he repeated hero. 

The experinionter should refer to and car ry tho present test 
out in the same wav, hut in coupling up at lire onset, care must 
be taken to connect so that tho secies ceils oppose the shunt and 
tend to demagnetize tho magnots. Exactly similar tabulation 
of rosultB and plotting of curves must bo carried out with the 
inferences deduciblo, 

N.B.—The applied K.M.1T. to tho motor should be maintained 
constant. 

(94) Efficiency and B.H.P. of Small Direct 
or Alternating Current Electro-Motors, 
(Cradle-Balance Method.) 

Introduction.-- In testing small motors, snob ns from -,'j to 
of a H.P., difficulties present themselves in measuring tlio power 
developed by them or tho work which they will do, owing to the 
relatively largo amounts of extraneous friction introduced iq 
applying the usual brake tests. In fact, in the ease of tho smaller 
power motor, this source of friction would entirely vitiate the 
results and make them worthless. Tho following method prac¬ 
tically gots over this difficulty entirely, and may be earned out 
in one of two ways— 

(a) The motor to bo tested is suspended freely with its arm¬ 
ature spindle in centres, or on friction wheels, tho field magnet 
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system with its bcd-plalo, etc., living carefully btifnn&d by 
counterpoise irtighta so as to bring tlie centre of gravity of tlie 
system in a line with the spindle. On the motor being supplied 
with electrical energy, and made to rotate nnd do work against 
tlie friction introduced at the face of its pulley by a stretched 
coni passing once round, the armature reacts on the Ml magnets 
tending to rotate them in tho opposite direction with a certain 
forco. 

If then thin action is resisted by a weight or force IP attached 
to the field magnet system at a level age L t tliun the moment of 
this force resisting the tendency, i.e. tho torque, = I YL. 

Thu* tho arrangement is practically nn electro magnetic dyna¬ 
mometer in which the magnetic friction between armature and 
field magnets takes the place of mechanical friction in tlie ordinary 
dynamometer. 

The preceding arrangement of the method has tho disadvantage 
that the weight of the heaviest portion of tho macliino is resting 
on tho shaft, and consequently there will be a bearing friction 
assisting the magnetic pull of the armature on the field. 

A hotter Air an gem cut in this respect is one devised by Prof. 
0. F. Bracket, which is merely a slight modification of tho pre¬ 
ceding olio, It consists in fixing the motor in a “craft 1 * sup¬ 
ported freely by knife edges lusting oil stool or agate planes, or 
on friction rollers, carried in a suitable fixod frame. The whole 
suspended system is veiy carefully balanced by means of counter¬ 
poise weights so tliut the contro of gravity lies in the axis of 
tlie motor shaft, this latter having been set in a line joining tlie 
kuifo edges of tho cmdlo. 

A horizon till balanced lever controls tho cradle, tho ond of it 
either supporting weights or being attached to a spring balance 
Tima it will bo seen that now tho weight of tho armature only 
is on tho bearings, and it is boiug used under ordinary conditions. 
Tho balanced lever might bo graduated and a sliding weight used 
to run along it to balance tho torque, but tho arrangement of 
the spring bnlunce shown in Fig, 28D is tlie simplest mid easiest 
to manipulate. This method baa a further advantage that the 
friction at the journals of the motor dona not affect or vitiate tho 
measurement, but in tho case of the application ton dynamo it 
should be remembered that it does. It should be boruo in mind 
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that a fruitful sourco of error may arise due to loss of power in 
driving the speed indicator. When small motors wo being tested, 
care should be taken to choose an indicator that is very easily 
driven, and to drive it by means of a spiral or helical spring of, 
say, thin barff-drawn brass. Any eccentricity between the two 
shafts does not (ben matter so much as it would if they were 
direct coupled. 

Apparatus.—That required for this tost is precisely similar to 
what is detailed under one or other of tho preceding methods of 
testing teries, shunt, or compound wound direct current motors 
or alternating current single phase motor, according to which of 
these types of motors the ono being tested belongs. In addition 
the cradle absorption dynamometer is needrd, for a complete de¬ 
scription of which see p. 621. 

Observations.—As, with the exceptiou of tho somewhat dif¬ 
ferent typo of brake herein to be manipulated, the whole test 
will be precisely similar to one of the foregoing motor tests, de¬ 
pending on which kind of electromotor is to be tested, the 
raltenafe of this present test will not ho repeated hern The 
experimenter should refer to tho proper corresponding test and 
carry out the present one in an exactly similar manner, tabu¬ 
lating and plotting the results in just tho same way. 

Though the following expression will be found in connection 
with tho description of the cradlo dynamometer on p. 62], wo 
may repeat tliat if 11’ ■- weight or force applied at the end 
of the cradle lever in order to keep the same at xoro whou the 
motor is doing work, and if L •* distance between its point of 
application and tho fulcrum of the cradle, then the torque exorted 
by the motor = \VL - T, and the work it does per see. = u2* 
- 2vn3'. 

Whore n = speed in revs, per sec.— 

2*71 

. -.H.P. developed = 

Consequently if different tensions are applied on the cord 
wrapped round the motor pulley, causing it to do various amounts 
of Work, thereby taking in different currents (A) amps, at dif¬ 
ferent voltages V, the efficiency of the motor at each laid is— 

. H.P. developed 2irnT X 746 

Mieioncy - Jf? (llxJ01 , LcJ “ MO ~TAV7 
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(95) Efficiency and B.H.P. of Direct Current 
Electro-Motors by Swinburne’s Electrical 
Method. 


Introduction.—In the usual brake tests it is difficult and often 
impossible to obtain very accurate results, owing to variation of 
the co-efficient of friction between the nibbing surfaces and the 
resulting jorky behaviour of tho brake. The advantage of any 
method, therefore, of measuring the input and output of a motor 
by solely electrical moans will at once bn apparent, as it is possible 
to obtain much more accurate results with such n mot hod, 

The present method, which is purely an electrical one, is due 
to Mr, James Swinburne, and is sometimes termed tho “ Stray 
rower if method. Tho pvinciplo of it and all similar methods is 
based on the fact that 

Total Tower given out = Total Power put in - Power lost 
internally, or in symbols, ■= W t - 1F L ; where tho suffixes 0, 7, 
nud L denote the output, input, and total losses iu Watts (IK) 
respectively. 

We thus at once obtain the commercial efficiency of the motor 
IK, W, 

The input in Watts IK/ given to tho motor is at once obtained 
by tho preduet of tho volts and amperes of the supply. Tho total 
loss JF^ in Watts wo will consider now more in detail, and which 
in any machine is made up as follows: (<i) tho copper losses L Q in 
armature and exciting coils duo to boating by the passage of 
current, mid which can easily bo calculated whoa tho currents 
and resistances ore known; (5) tho friction losses L F due to air 
churning, journal and brush friction; (c) magnetic frictions or 
iron losses L m due to eddy or Foucault currents and magnetic 
hysteresis. 

Heneo total internal loss IF/, — Lq -f Lp 4* T/ m and to the 
snin (Zjp + L m ) Mr. Swinburne has given tho somewhat 
appropriate name of u Stray Power," The copper losses are 
calculable us follows — 

Let C =* total current flowing into the motor from the supply, 
and lot /?*, U tri and R& bo the resistances of the arroaturq aeries 
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coila, and shunt coils respectively of any motor of which can 
be measured by a Wheat*!one Bridge, and E a> it u by the 
'‘Potential Diffurancti ” method (p, 84) or ammeter and voltmeter 
method, p. 8G. Then wo shall have for a 
Series motor Lq = C 2 [It* + Etc)? 

yi / y 

Shunt motor L v - 7— + ( C - r-) where } = normal 

working voltage, 

Compound motor (long shunt) 

r '* = ^ + { G -Uv { ‘ +1L) ' 

Oonq-ound motor (short shunt) 


1*0 “= C~ R^ -I- 


*=&**('- M. 

Tho remaining losses, it. tiio stray powor (Ly + £«), can 
readily bo obtained hy vuuuing the motor at no load, t.<J. with no 
other load tluin it% own friction, eddy currents anti hysteresis, at 
normal excitation «f tlia field. Then we have 

(L? + =* AV a - A-r„ =» Stray Power, 

where A now =■ current flowing into the motor armature at 
voltage V a across tho armature, and AV # is the copper loss in tho 
armature occurring for this cun cut and voltage. 

Votft.—Only quite a small current at tkt normal 1 vlduje of the 
motor is required to be furnished by nu auxiliary source of K.M.F., 
and if U 9 is very small, A-t\ can ho neglected in comparison with 
A K, in this last formula. 

Apparatus.—Motor M to bo tested, which for ptirpooea of 
discussion merely we will os&umc is shaut wound ; voltmeter V ; 

low reading long kcuIo ammo- 


(y-cnj 


T 




Sh 



ter A; rheostat It (p. 600); 
tachometer; complete Wheat¬ 
stone Bridge sot (W.U.); two- 
way voltmeter key K (p. 587); 
switch S 2 - , source of E.M.F. 
{£) at least equal to that for 
which tho motor was built; 
rheostat r (p. 599) in tho field 
coil circuit. 

Observations.—(1) Connect 
up as in Fig, 97, and adjust 
the instruments V and A to 
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aero if necessary. Insert E t when the field should then bo 
excited to the normal amount, which can bo scon by closing AT I 
And noting whether the normal voltage is road off on V 

(2) With If nt its maximum value (not less tlmn about 10 ohms), 
close S v adjusting E and if necessary tho excitation by the 
rheostat r, go that the machine runs at its normal speed. Now 
note, by closing A' 2, tho volts V n across the armature terminals 
and the current A amps, flowing through it. 

(3) Repeat 2 at tho same excitation for some ten different 
sjwxJg in all, both below and above normal, and tabulate an tdiown, 

(I) Open E t i&j and K, and measure by suitable means tho 
i distance /f tf of the armature and II^ of tho ahuxit, remembering 
of conrso to disconnect one from the other at tlic tints, 

(5) Calculate the B.ILP, and commercial effic iency of tlio motor 
at normal voting* V for dome ten different uasamed values of 
current C supplied to the machine rouging fmni 0 to full load by 
ntxmt equal increments, and tabulate un shown in the huger table. 1 


Spi'oi in 
it j> m. 

Sim; l\mcr Heading (fium nU«. 5 mid 9) 

Volt. r,. 1 *ni|i. A. |tr«tu^K.*^ 

T.jtnl TiiUki- 
Wntli iliinnitii; 

Ufitt a r 0 . 



1 



Kami ... Datk ..« 

Uutai tubtwl: Mo. .. KufjiiuiYtiltdgo m . .. VuU«. Qfklhlauui: AttuaLut<> s,.,OJiins. 

Tj]>c. Cuneut x... Ami>j. bhuiit «... „ 

linker...,, Speed ■>.. . Hew. jk» wlo. Haiti "... „ 



(G) Plot the following curves having 

(а) Itfioionoy as ordirtutes and output W 9 as absdswaa. 

(б) Stray power as „ and speed as „ 

(e) Output W„ as „ and input IK, as „ 

Inference). —State Tory clearly all that you can ill for from tlio 
abort) experimental results. 

1 Sgfl note to Jaeger table, p. 222-3* 
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{96) Efficiency of Direct Current Electro- 
Motors by Poole’s Electrical Method. 


Introduction.—This method, 1 duo to Mr* Cecil P. Poole, is on 
electrical one entirely, mid enables tho efficiency of on electro¬ 
motor to be obtained without using an absorption brake. The 
rated KH.P. of the machine is assumed for tbo purposes of 
calculation, and tbo whole essence of tho test consists in obtaining 
the Armature current at which this rated output is obLuinod, 

Let A be tins full laid armature current. 

V — the normal voltage which the motor should have. 

11'= tbo normal rated IUr.lt of motor, reckoned iu Watts, 
v and 0 = the measured quantities as detailed below. 

Then the armature core h friction losses w = ( K- tj)a Watts, 
v 

ADd tlio armature vesi>t’inco r «— olims. 


llcnco A -■ 


V - JV l 


••1{IK + «j) r 

~~Sr 




This vnluo ford i* based on the assumption that the core losses, 
armature friction, windage, and eddy currents in tho |K>le pieces 
all remain constant from 0 to full laid. While ibis is not strictly 
the case, the error introduced is practically negligible. 

Apparatus.—Suitable source of supply of slightly higher voltage 
than the normal required for tbo motor to bn tested ; rheostat 
I* 599 j low-reading long sculo mu meter {a); voltmeter V to read 
thB normal voltage ; low-reading long-scale voltmeter (v); and if 
the motor U.shunt or compound wound, an ammeter to measure 
the normal Bhunt current a,k ; switch. 

N.B.—If the resistance of the shunt r,* be known, tlion tbe 


last-named ammeter may be dispensed with for a,n - —amperes. 

Observations,—^l) Connect up the above appoint us so that 
the rheostat and atn motor (a) Are in soriou with the armature 
alone, and tlie switch, eo that it cuts off the supply entirely from 
motor and All Apparatus, the voltmeter V being across the 
armature terminals, the shunt coils of the motor being across tbo 
mains. 


1 The rationale of the me Iliad tint ippamed in the Aiterion EUdrick 1% 
to which the Author u indebted for It « 
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(2) With tho rheostat fulb t>i, closo tho main switch when llio 
shunt will at once bo fully excited. Now gradually cut out 
resistance in the armature circuit, thereby running up tho speed, 
until V reads the normal voltage nereis thu armature, thus running 
light- Now note the small armature current («) amperes flowing. 

(3) Switch off the shunt circuit and block tho armature lo 
prevent it moving. With the rheas tat full iti, close tho main 
switch and again psa the smno current (a), as iu observation (2) 
above, through tho armature while stationary, noting tho corre¬ 
sponding fall of potential (v) volts urress tlio armature terminals 
by means of tho low-reading voltmeter, Sind switch off. 

(4) ltcpcat observation (2 and 3) twice or three times and tuko 
the moan of Um respective values of (ft) and (r), calculating tho 
efficiency 5 of the motor on full land from tho relation — 

,, 100 r 

" T‘ (X + <w) '• 

and tabulate jour results us follows— 

Naub . . . UatI . » 

Nntoi To'kd: No . . . linker . * . Rat/il 13 Hi*. 

Kunikal ViilVvi ' 1 * . * * PjK'rtJ — . CiMmu 

lli-ftlitATJtM ! AlUldUlCl* — . . tJlltlllt ^ . . . Ht»r* = 


Am xllln 
l.‘iu n*jit.inn- 
jhii^ rice, 
{a) ninjifL 

V<*)U 

AfinaUiio 

sutl 

M. 

I.I'SSllh 

{y <*> * 

u r 

Arji.dLtiffl 

1U-»isImiw 

Phil 

CujiuuI 

«vS 

! 

Pul) ]«ul 
Aiiiiatiue 
Rune ill A 

I’lflrn r.cjf 
ui d<>ui[ 

i. 




1" 




Inference,.—Stnto dourly miy ndvunliges or ditulrantngea 
«lu'cli yuii ruiiniilor tlio method poMCSocM. 
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General Considerations Relative to the Test¬ 
ing of Asynchronous Alternating Current 
Induction Motors. 

While it is not proposed to discuss cither the construction 
or tiic theory of notion of such machines, certain considerations 
relative to tlio testing of botii singlo and polyphase induction 
motors may with advantage bo noted. In all cases they aro 
self-starting by reason of tiio rotating mui/netic fukl set up by 
the supply current, whether single or polyphase, flawing in the 
winding* of tho stator nr fixed portion of tlio motor. It is, 
however, only in singlo -phase types that after reaching fall 
speed tho routing field (produced only during tho starting- 
up period) is changed by switching to a simple alternating, or 
roversing, or pulsating field. 

Tho speed attained at the end of the starting period with 
no pulley load is called 11 full" or “synchronous" speed, but in 
all induction motors the spcod of the rotor decreases as the 
lead increases. 

If (/) = the periodicity of tho supply in cycles per sec., 

(») = tho speed of the rotor in revs, per ace., 

{ y) = the number of pairs of poles in the stator, 
then synchronous or full speed is tho speed uf tho rotating 

field = ■- revs, per arc., while tho difference between tho speeds 
V 

of tho field anil rotor, called tho “slip ” = i — it = Cll-?T revs. 

P P 

per soc., and t - ^ X 100 =■ = tho slip 

in percentage of full speed, which varies from about two or three 
in largo motors to as much as twelve in very small ones. We 
therefore sen that tho slip equals the periodicity of tho rotor 
currents. 

Measurement of Slip.—Tho last-named fact is mado use of 
in the following method of measuring slip, but is applicable only 
in tho case of induction motors with edp-ring rotors. Connect 
preferably a moving-coil permanent magnet D.C. ammeter in one 
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of Ibo leads between rotor and starter, then since such an 
instrument indicates for currents in one direction only, tho 
number ef impulsos given to, or kicliB ( K ) of, the pointer per 
min. in tho same direct km will dimctly equal tho number of 
complete cycles per min. of tho induced slow* period rotor 
currents—in other words tho slip. Jf (/) = periodicity of the 


supply to tlio stator, then the percentage slip = 


H -. loo. 
GOx/ 


Thus, if AT = 120 kicks per min., tho slip 


; (ii> x DO x 100 


= 1% with a DO * per see. supply, 

IF a dcad-ljeat moving soft iron needle A.C. ammeter ia 
usodj tho numljcr of kicks per min, would bo doubled, for tho 
same value of / and slip, and would, even if the ammeter 
was sufficiently dead beat to indicate with Mich rapidity, bo 
impossible to count. With even a very dead-beat moving 
coil P.C. ammeter, a 5 or 6% fdip is about the maximum 
measurable by this method, A slight variation of the above 
mol hod consists in counting the oscillations of a light pivoted 
compass needle placed above or below one of the loads between 
rotor and starter, tlio lead having a direction N. and 8, so that 
the needle lies parallel to it when no current is flowing, Tho 
slip Is then obtainable as before. 

The above lire direct methods of measuring slip, but if a long- 
range accurate tachometer is available, Uio slip can bo obtained 
usually with sufficient accuracy by reading tho rnlor speed («j) 
running light, &ud (n^) at any load when the slip is given by 


?3.7-2*x 100%. 

»i 

Determination of Slip by Calculation.—If an induction motor 
]>ixs a three phase wound rotor and both tho rotor current 
(.<,) and resistance (ft,) per phase ia each case are known, 
tho slip (ft) in cycles per bco., or iu percentage of tho supply 
frequency (/,), or in revs, per min. or per ace., can bo calculated 
for tlic corresponding load as follows - 
, If/s ~ frequency of Uio rotor currents, 

H j = mechanical output from tho rotor of the motor (in 
watts), 

p = number of paire of atator poles, 
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IKj *= powur (in waits) transmitted electro-magnclicftlly by 
tha rotating field in tho stator to tlio rotor, 
w =& ] mwi*r {in watts) lost in tho rotor — $AfR t 
ajipjiiximalcly. 

TJk'ji toniuO X ~ V ^* = I Y. 

V 

and tonjuo X ^ — IK, + tc(=: MjJ, cos £ for a 3 pirate 
sliitor supply) 


. A n r i *;+» 

“ ft ” » * “ IF, 

and by a well-known rule in proportion wo tljerefnvu liavo 

J\ — f t H'j — W<t to v) 
win re W i — lfj~ n? 


/, tli(* slip = 


_A-A_ 


w '+i II r t + XA*It; 


Determination of Frequency, Slip, and 
Speed (Stroboscopic Method). 

Introduction.—Although Uto measurement of such quantities 
Ui those mentioned above—by this method—id by no means 
common, it probably ojjly needs tins advantages and accuracy 
of tlw method to bo radiat'd in order to bring it into mucli 
more general use. 

Measurement of Frequency and Slip.—Tlio phenomenon and 
principles of stroboscopy can bo applied in tlio measurement of 
citbor tlio frequency of an alternating current supply from an 
alternator, or tho Blip of an induction motor, as follows: A lilac It 
disc having while radial lines is fired concentrically on the shaft 
of an A.C. motor run from tho supply, and is illuminated by an 
A.C. arc lamp fed fioni the same supply. Now tbo illumination 
from tbo lamp will vary periodically and flicker with tho 
supply frequency, and when tins speed of tlio strolmsoopio disc 
corresponds with this supply frequency, t'.e. when the angular 
velocities of tbo two are equal, tbo white lines will always bo 
illuminated in the same place and appear to be at rest. If the 
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speed of the disc is greater than that corresponding to the 
frequency of supply, the white Hues will appear to elowly rotate 
in the tutm* direction as the disc; whereas if the spend lias a 
smaller value, the linos will appear to rotate in the opposite 
direction. The last condition will obtain with an induction motor, 
and if I lie number of white lines equals the number of pairs of 
stator pole*, they will rotate in tho opposite direction to that 
of the disc with the same number of revolutions per win. as 
those lost by the motor, i.e. as tho slips. 

For example: tho rotating field in a 2-pole stator on a 50 ~ 
supply will mako ono revolution in tins periodic time of the current, 
or will rotate wiLh a speed of 50 x 60 = 3000 revs, per min, If 
the slip between rotor and field is 5% (= 5 X 50 = 150 revs, 
per min.), a single white lino on tho black disc will appear to 
lutato burkwardH at a speed of 150 luvs, per in in., and will 
also make ono complete revolution in the fjeriudic time of the 
current. 

With a l ]K>lc motor and tbe same slip ami supply frequency, 
the speed of the mini big field equals 1500 revs, per m in., slip 
equals 75 revs, per min., and each of the two white lines will 
appear to rotate at 75 revs, per min,, which can bo counted 
against time, and the slip thereby at onro obtained, Sectors, 
alternately white und blink, can lie painted on the disc or even 
the pulley, and used instead of the black disc with radial white 
lines if so deni red. 

Measurement of the Resistance of Single and Polyphase 
Windings.—This is usually dfi'iitrd by tho ammeter voltmeter 
method with direct current (see p. K(!) applied to a single phoso- 
winding in tho ease of a singlc-phaso generator or motor, and to 
cadi of tho phase-wiudings separately of 2-phase machines. 

Thus, if (r) equals resistance of each phase-winding, we see that 
the total copjior loss in a single phnsu machine equals A 2 r, and in 
a 2-plmse maclunu equal* 1 2 / > 1 -j- dj*/'.; or if in tho latter case 
tho resistances of tho two windings arc equal as they should bo, 
and usually ate, wo have q = — r, and if A ( = then the 

total copper loss \V e =*= A 2 X 2r, where A ix tho current in 
either phase, and (2r) tlic so-railed c/ptimlent resistance of tho 
machine. 

In 3-phase windings, tho resistance between any two terminals 
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is, with star conmxstion, that of 2 phaso-windings fit series (as 
seen from Pig. 143 a), and therefore ■= 2r; whila with mesh 
connection (Fig. 143 6) we see that between any two terminals 
thoro are two circuits in paralfef, composed of 1 phase winding 
in parallel wit,:', the other 2 phase windings in series, or (r) in 
parallel with (2r), i.e. a terminal resistance of 


t_ 1 
iIi= 2+i 
P lr 2r 



Now, if without troubling, to traco tlio connections in order 
to see whether they are star or mesh, the resistance between 
the throe paira of phase-terminals are measured and added 
together, the sum -X 2 will equal the equivalent resistance of 
the whole stator or rotor windings, anil tho total copper loss 
in tho stator or rotor = (line-current) 5 X equivalent resistance. 


(97) No-Load “Open Circuit’’ Test of an 
Induction Motor on a varying Voltage, 
constant Normal Frequency Supply. 
(Rotor running Light at No Load.) 

IntrodactioJL,—Under these conditions the motor will run at 
its maximum possible speed, namely that corresponding almost, 
knt not quite, to true synchronism, and therefore with an almost 
cere slip—the small difference being necessary for overcoming 
the small losses duo to windage, mechanical and magnetic fric¬ 
tions, and copper less due to the no-load running current. The 
test can lie operated, of course, on single-, two-, or three phase 
motors, bat wc sii&ll assume the use of a throe pliase motor here 
On account of the connections being slightly more complex. 

Such a motor may have either a eqitirrel-eage (phort circuited) 
rotor or a t round rotor with slip rings. If the former, it may 
be started up from full voltage mains either by a star-delta 
switch or through an auto-transformer or sectioned choker, 
depending on its size. If it has a wound rotor, the starting 
rheostat connected to this is put to "full in" and the stator 
then switched directly to tho supply. The starter is then 
gradually cut out to short circuit as the speed increases. It 
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now, with the motor running at full speed, normal voltage, and 
frequency, tho voltage is gradually decreased, tho speed will 
remain practically constant until the lower voltages are reached, 
whon it will fall off rapidly. 

Both tho stator and rotor currant will also decrease gradually, 
the former owing to a decrease in magnetizing and core-loss 
current producing the stator Dux ami depending on the vultago, 
tho Utter in an invorse proportion to tho strength of the rotating 
field and voltage. 

As tho voltage falls tlio idlo or magnetizing component of tlm 
currant will also drcreir>i% while the energy component over¬ 
coming frictions will remain much tho aumo in value, hence 



the ratio of idlo to energy currant will decrease and tho power 
factor will in consequence rise. 

If Vg = normal voltage per phoso on the stator 
and F* = the corresponding maximum voltago per phase of ilia 
rotor indicated when this is turned through a polar pitch wiLh 


V 

slip rings open-circuited. Then is called tho ratio of trnns- 

formation, which is not equal to tlio ratio of tho stator and 
rotor currents owing to the magnetizing currant of the stator. 
The induced E.MJb\ in the rotor circuits varies directly a* tho 
slip, and has a frequency f H = tlio slip. Thus tho reactance of 
tho rotor cireuits (= 2*£*/*) hears a constant ratio to the slip. 

As the rotor currant is not usually measured, the ratio of 
transformation enables it, and also tho roost suitable starting 
resistance, to bo calculated, knowing tho stator current at any 
load. 


Apparatus.—Source E of three-plum alternating current, 
preferably a motor-drivon alternator, tho speed and field of 
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which are each variable la-tween wide limits; three-phase 
switch N ,; voltmeters i« r„ ; ammeters An A ? ; frequency meter 
/; wattmeter H'; re veiling key K l ([). 585); and two-way key 
K t (|>. 587) forfino-wire circuit of IK; three-phase induction motor, 
of which (-V) is the stator and (A’) tlio rotor null (<•) the starter. 

Note.—By toe use of only one wattmeter, with its pressure- 
cnil connected tl.rough A 2 to tho remaining two mains in 
rapid succession, we assume tho motor to lx; clretro-magnetically 
balanced, nr equally loaded, in the three phases (are p, 389). 
On no haul, such is usually tho case, for tho current A . is small, 
nnd therefore any inequality ill the ampere turns, resistance, or 
reactance of the windings is nearly negligible in effect compared 
with wlint it would be on load, Willi phase-windings vn«ptatty 
loaded or lxilanccd, two wattmeters must be used to obtain tho 
true poa or absorbed (sre p, 392). 

The ammeter A„ in the rotor cireuit aliould bo very dead lieat 
and of tlio moving needle type, and should be of low resistance 
so as not to throw out the Isdanee of tho rotor currents. If tlio 
rotor It is of the squirrel-rage type, l’ A A H and r cannot bo used, 
Obwirations.—(t) Connect up as in Fig. 98, lor oiling and 
adjusting to scro, such instruments as necsl it. On starting any 
machine always see that its oiling arrangements are working 
properly before doing anything else, 

{2) With It running light at no load, adjust the voltage 1’, 
and frequency / of the supply E to the normal values fur tho 
motor, and note the readings of all the instruments under this 
supply condition, and also (with the same i //syi(rory kept con¬ 
stant) for a series of values of V, (by field regulation) decreasing 
by about equal amounts to tbe point where the spcisl begins to 
decrease, and from tins pint by smaller nnd more yimlual decre¬ 
ments of I * until tlio spued decreases too rapidly to read, 

Note.—After tbe speed begins to fall, sudden changes in y'fi 
must be avoided, while the simultaneous readings of alt tho 
instruments must he taken rapidly. 

IK must he read, first with its volt coil across («i) and then 
with it across (Ar) at each voltago Ks, by using the key J)V 
Further, in seme cases (not all), this change of connection will 
bo accompanied by a reversal of direction of the deflection of IV 
depending on tire magnitude of Lho power factor, Tho re- 
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wiving Wry K 1 must in such caws bo turned through 00°, *n 
mi lu bring llm deflection on to the fcculc again ; but the reading 
must now bo considered — v * and subtruclrd from Um other to 
give the total wj bits (sec p. otherwise when tbo readings 

across <\h imd hr. ju’o both on llio srnlo and thenforu both -j-'", 
I heir sum gives the total wall*. 

(:t) With I ] lo frequency (/) constant at ncirm;il value fur the 
motor, raise the volUgo V M from 0 by small and very gradual 
steps until tbo speed begins to imuvnsn too rapidly to enablo 
rcudingH to bo taken. Tins annuli a noons reading nf nil instru¬ 
ments at each voltage in list be dono rapidly. Tabulate all your 
results as ft Mown— 


IinlurlioH Mu tor. Xiv , . . M.ikp» ... Tj|«c . . , 

]rjiii-Ica<1 niilimt: b II f. w. - . tf? „ .. t v w. Vn]ti—. . . Amts .. . Ficqiimn'jr. ,. 
Jttjmrnhnl ti'i. (Iiolj **f hNluT WuulmgJ.-- , , ahiMis: of IV JHluw-* . . . olmiv 



(I) Tint tlu> fallowing curves (from nix, 2 and 3) hating 
x aloes of Mai or volts J' s as absrbxae with (I) spe-'d, (’J) intake 

watts IK, (!l) stator amps. (4) ros <fi, ('►) mlici !* ns ordinates 

• jt 

in each tow*. 

Inferences.—Train a careful study of tbo shapes and disposi¬ 
tions of tbo curses relatively U) the axes and of tbo tabular 
results, stato nil llmt can be deduced. 

(98) No-Load “Short-circuit" Test of an 
Induction Motor on a varying Voltage, 
constant Normal Frequency Supply, 
{Rotor kept stationary and short cir¬ 
cuited.) 

Introduction, —Under thf» conditions the slip will bo 100% 
since (ho spcod is zero, while the power absorbed will almost 
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1 'holly consist of copper loss « to the equate of the current. 
Till' only remaining source of loss is that due to hysteresis and 
eddy currents in the iron which will bo small, owing to the low 
induction density reached with oven the maximum voltage it 
is possible to use in thiR test. Further, it will bo noticed, from 
a reference to test No. 137, (hat the motor approximates to a 
static transformer with a stator primary and rotor secondary 
under tho conditions for maximum magnetic leakage which the 
stator windings maintain in the air gap between stator and 
rotor. 

Under stationary conditions the ratio of stator to rotor 
current is practically a constant and approximates to the ratio 
of transformation of the motor. Under running conditions the 
ratio of currents departs from coustoncy, due to the noload 
current taken by tho motor at normal voltage, and no longer 
approximates to the ratio of transformation. 

Apparatus.—That inihkatcd for tho preceding test (p. 265), 
but without K jA'g. an additional wattmeter now being used 
with its current coil in main a or c [Fig. 98), one end of each 
of tho volt circuits of tho two wattmeters, to ho denoted by io 1 and 
re r being connected to tho third main as indicated in Fig. 143c, 
Tho reason for now n lug two wattmeter’s is that the heavier 
stator currents to ho used in this test, which will depend mostly 
on the resistances of the windings, will show up any slight wont 
of symmetry, and may (or may not) result in tho unequal 
current loading of tiro three phases—a condition necessitating 
the uso of two wattmeters (p. 392). A s A s IP, anti tP 2 must 
also now bo capable of taking tho heavier currents used in tho 
present lest. 

Observations. —(1) Connect up as in Fig. 98, levelling and 
adjusting to zero such instruments us nood it Sco that tho 
lubricating arrangements of tho supply est are working 
properly. 

(2) With the rotor R shori-nrexited and jn-evented from rotatin') 
and tho supply frequency (/} constant at normal value, take the 
readings of all tho instruments at each of a scries of supply 
voltages Vg, increasing from zero to a vnluo which will produce 
a stator current As of, say, 60 % in excess of that of full load, 
and tabulate ae for the last test (p. 267). 
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(3) Plot curve*, Laving valuer of V 9 as abscissa, with values 
of W\ Ag, Ax and cos $ respectively, as ordiuatra. Also curves 
between A* as ordinates, with A# as abscissa], for this tout, and 
from tho readings of tbo last test No. 97 on fclio same curve- 
sheet for comparison. 

Inferences.—From a careful study of tho curves state clearly 
all that can he deduced from the Lest 

(99) Efficiency and B.H.P. of Single Phase 
Alternating Current Electro-Motors. 

Introduction.— Tho somewhat rapid development of tho distri¬ 
bution of electrical energy liy single phase alternating currents 
in recent years has brought with it the introduction of single 
phase alternating current motors, of which, up to comparatively 
recently, there lias boon no practical commercial instimco. Now, 
however, there are fiovcrul forms, but nouo of them are able to 
compote with the direct current motor in tho matter of efficiency 
mid powers of starting under load with tbo amount of electrical 
power absorbed in doing ao. There are two clasaos of alternating 
single-phase motor*, known as tbo Synchronous and Asipichivnow 
tyjKw. Tho former cannot start themselves but luive to bo run 
up, by a separate source of power, into synchronism with tho 
periodicity of tho supply our rentj then, on being switched into 
circuit, they run perfectly synchronously with the generators, 
f.s. at constant speod, for wide variations of load from 0 to 
considerably over full load, and are of course separately excited. 
The Lit tor class arc self-exciting and self-skirling (on very small 
loads) by using suitable means, but arc lion-synchronous, find tho 
difference between the speeds of rotation of tho magnetic field and 
the rotating armature is called the u Magnetic Slip " or ft SHp* f 
simply. ThiB gencndly only amounts to a small percentage at 
full load. 

The self-starting property is obtained by producing a rotatory 
magnetic field at starting, caused by diphasing the current in two 
separate circuit* by means of the suitable use of either self' 
induction or capacity, one circuit being cut out when the motor 
get* up speed. 

The fixed portion of the motor («. e. field magnets) through tho 
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winding of which tho supply current flows is usually termed the 
41 Slafor” lie rotating portion (t. i. the armaturo)iu termed tho 
"Jiutur," »ml usually consists of shovt-eincuited conductors carried 
on n well laminated drum, There w no electric connection in 
most a sis to tlio rotor, or tat ween rotor arid staler, It will also 
often )>0 found that the host eJTiciency is nob at normal full load, 
which is analogous to the series wound direct eurrent motor in 
this respect. Speaking bioadly, it may be said that single-pluiso 
motors should bo self-start lug, mid this on n current certainly nob 
exceeding that taken at full load. Tho jiowcr factor should Ire high. 

A motor built for a given periodicity will not give as a rulo 
its full power wlion supplied with a cuirelit of a much higher 
periodicity, while it will tako too much current with a lower 
periodicity. 

The cllicicncy of any motor = the total power givoii out -r the 
total '‘moan power” absorbed, both being reckoned in equivalent 
units. In the present and similar lefts tho true mean input 
auiuol Ire obtained hy the product of tho ainperus and volts, ns in 
tho case of direct current motors, owing to the l< plmso UilTurineo M 
between tho current and pressure, but must bo obtained by 
means of n non-inductive WuttnieLev. Thu output, or ihli.P., is 
obtained by an absorption dynamometer, which is a modified fibrin 
of lVony brake. Such lunkps waste, in heat, nil tho power 
developed by llio motor from friction, but at tho same tlluo givo 
a measure of this power. No Inbrio,nit is usually needed, hut a 
little black I«ul nuy be applied to llie pulley if the brake is jerky. 

Apparatus.—Alternating current motor M to he tested; brake 
complete with weights; non-inductive Wattmeter ]V\ idlcmut- 
ing current am meter A and voltmeter V] switch 8 ; rheostat U 
(p. 5h7) y tachometer; source of alternating current prefer- 
ably one that can be YurioiL 

Testa. —(1) Connect up oa indicated, nnd adjust the Rioters 
of all the instrument* to zero, lot oiling such ns need it. Roe 
that all lubricators in uyo feed slowly, and that the rfetatawe 
6witch (S) is open. 

(2) Adjust the speed nnd excitation of tho alternator so as to 
give the normal voltage and frequency required for i/, and remove 
the brake. 

(3) Make R a maximum ; i. e, in the present case put resistance 
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©witch S to start, and wlion the motor hat got up speed throw 3 
over from Blurt to full, 
then, when tho speed has 
become steady, nolo it am] 
tho readings of A, V, 
and W. 

(4) Place lira Luakc in 
position, and with no 
weight in tho pun, again 
unto the motor speed aud 
readings of A t V, aud W. 

(5) jlcpeat 4 fra* about ten loads, vising by about equal 
iiiHi'Hirntfl of weight to the maximum, tho voltage aud frequency 
being kept constant. 

(f>) ltqioat 4 and 5 for a higher and lower frequency tluui the 
normal. 

(7) J)ctermiuD tho 1 lower required to just start J/ by removing 
the brake, turning & to start, and adjusting the speed of tho 
alternator to give normal frequency (to be kept constant), 

(8) GircfulJy and gradually raise tho voltage (at constant speed) 
by means of tho excitation until M just stalls, then instantly 
note the reading* of A, V, and W. llcpcat this tbruo or four 
times and take the mean. 

(U) Ifcpoat 7 and 8 for about five different frequencies, rising 
by ulniut = increments to about 20% above normal. 

(10) Determine the relation between tho speed of M and 
frequency of supply by removing tho brake, and when tho motor 
lm got up speed, turning the Switch {£) to “full. 1 * Then for 
constant normal voltage no to the NpGed of M uml readings of 
Aj Y t aud W for about ton different frequencies, rising up to 
about 20% above normal, 

(11) Determine the effect of variation of voltage at constant 
normal periodicity with tho motor running light by altering R, 
aud noting the spued and resulings of all the instruments. 
Tubulate all your results us shown. 
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Mfote.—The nett wight cu br.ike = (weight of Sttilo pau and 
weights) — reading of spring balance. 

(12) In expci i incuts 1-6 plot curves 1 mvhig values of (a) 
power factor, (6) efficiency, (c) true power absorbed respectively 
as ordinates, and 13.11.1*. developed as abscissa), for each 
frequency. 

(13) Id cxpoiimeutai 7-10 plot curves having (d) true power 
required to stai l, (e) speed of niulor, its ordinates and frequency 
os absciswe, in cadi cuao. 

Infeienow—Wbat can you clednco from your experimental 
results? Taking the cost of electrical energy for power pmpt scB 
at 2d. per lLT.U., find the east per JjJI.F. per hour, Jind aluo 
when M is running on no lo.ul at normal voltigo and frequency, 

(iod) Efficiency-Load Test of a Polyphase 
Induction Motor. (Absorption - Brake 
Method.) 

Introduction. —XI JO eilicicney of any clocLro-inotor 

D.ll.r, developed _ _ 

** KH.P. absorbed — B.il.P. intomal losses' 

Tile internal losers in an induction motor comprise (1) copper 
losses in stator and rotor windings, (2) iron lessee (hysteresis 
and oddy currents) in stator and rotor cores, (3) mechanical 
friction duo to windage, journals, and brushes, if it possesses 
a slip-ring rotor. 

If A„ and r s = tlio current and resistance, respectively, per 
pbaso of stator winding and A t and r M ■= tho current and 
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resistance, respectively, per phase of rotor winding; then, if 
this latter is of a threc-plinso type, tho stator ooppcr losses 
ore— 

j4Js-.v f |lr single-phase; 2/1 Jr, for two-phase; and 3/f’r* for 
thnra-phasc induction motors, while the rotor copper loss is 
«;■!> 

For a given iron core, we lmvo scon (p, 354) that the expres¬ 
sion for tho iron losses contains two variables only, namely, the 
fivtpieucy and tho ifldMtMl dehsity ct to flux, and dependent 
solely on the supply voltage anti number uf stator turns. Hence 
the iron liras is independent of load. Further, since the fre¬ 
quency of the rotor eurrentR and consequently of the flux in 
the i-olor core equals the slip, which is only some 5 % of tho 
speed of the stator field, it follows that the iron loss in tho rotor 
cote will be small compared with that in tho stator cure and 
the other losses, and will increase slightly with speed. Hie 
friction losses being « to spots), will bo sensibly constant at 
all loads in an induction motor, since the tqiecd of such a motor 
has a variation of nemo ii % only. It will therefore lie at once 
realists! that the copper losses (increasing as the squat-e of the 
current) are mostly responsible for the rapid increase of the total 
internal less as the load increases. 

The supply current In the stator of an induction motor is 
composed of two components—- 

{«) One which may ho termed tiro no-lorwl or niaguntiring 
component, producing tho rotating magnetic field, and which is 
not only in quadrature with tho supply voltage but nearly 
constant at nil loads. 

(Owing to tho air-gup between stator and rotor-cores, the 
amjiere turns of excitation, and hence tho magnetising com¬ 
ponent necessary to produce a given dux, is much higher, and 
tho jiowcr factor muck lower, than if tho magnetic circuit was 
a closed nne, and therefore an induction motor takes a consider¬ 
able unload current which may be from a quarter to one-third 
of full-load current. Tire smaller the air-gap the smaller this 
current, the greater tho jtower factor and mitpnt of tho motor 
for a given size. For this reason the air-gap of such mottos is 
reduced to a men; clearance for rotation.) 

(f<) The other, which may be railed the load-component, out 

T 
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of phase with the voltage, but producing & field in the stator 
equal and opposite to that produced by the rotor currents in 
the stator, and henro balancing the demagnetizing effect of the 
rotor-induced currents cm the slot or field. 

This load component increases directly with the B. II. P, output 

t ^ L , . turns on rotor 

of the motor and = A a x--—. 

turns cm slutor 

Thus it will be seen that for the rotating field to have a 
constant strength, the stator current taken at no load will just 
suffice to produco this requisite field strength and provide for 
tho iron and friction losses. As the load increases, the increase 
in the rotor ampere terms is balanced by an equal and opposite 
increase in stator ainpcro turns, and wo have tlio following 
relation, viz. that tho 

Total stator amp, turns 

= total rotor amp. turns no-load amp. turns, 
or Total stator current 


= 2 : (rotor current ratio of transformation) + no-loud current* 
the Line above denoting that the sum is vectorial and not 
algebraical. 

The total power given out, ift Ibo can bo measured 

either by means of an absorption dynamometer brako in the 
maimer already clearly defined in tlic previous tests, or by 
making the motor to be tested drive a direct cuirent dynamo, 
the comwcu'cnd fiffieiency of wbieli is accurately known at various 
loads. This method should be adopted whenever possible, as it 
has tlic advantage, when carried out properly, of being more 
accurato than the ordinary brake methods. Tho method consists 
in suitably driving the dynamo from the motor to bo tested cither 
by means of a tftn supple (pliable) belt or by the direct coupling 
of their shafts (placed accurately in alignment), through a flexible 
coupling nr helical spring sufficiently atroDg for the purpose, 
thus avoiding tlic difficulty of getting their shafts exactly in true 
alignment. Tho bell arrangement also obviates the sumo diffi¬ 
culty, but it must bo very pliable, otherwise errors will be intro¬ 
duced due to the extra power absorbed by the slipping and 
bending of this belt round the pullcyr. 

Thus measuring tho electrical power developed by the dynamo 
which ia at once given by the current X voltage, and knowing 
it* commercial efficiency e, the B.H.P. of the motor :an easily 



ET.SCTKIOAt ENGINEERING TESTING 


578 


lie calculated and = I—““tS?* a. e . Further, if n — the spofxl 
t 40 

in reva. per min., llio tori[uo T of tha motor is given by tho 

. .. _ TJ.II.P, x 33000 „ 

relation T — - -lb. ft. 

In all cases the efficiency of nny motor = total power given out 
at its pulley — total power absorbsl, lx>th being reckoned in. 
rtpiivalont units. A multiphase alternating current motor is 
gdf’rt&ritinff, Ml/sUnting, but asynchronous as regards speed and 
the periodicity of tho supply. Tho starting torque can be made 
equal to that of the best direct current motor without an 
excessive percentage over load in tho current taken. 

They aw be wound to run direct on 5000 volt circuits and 
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over without much fear of the insulation breaking down, and 
their great advantage, except in tho larger sizes, lies in the fact 
that tliero ore no rubbing contacts of any kind to got out of 
older, and consequently there is no sparking. In tlio present 
ease we will assume that tho motor to bo tested is of the throc- 
pliANO type, as perhaps the measurements of input are not so 
obvious as in tho two-pluiac system. 

Apparatus.—Source of three-phase alternating current E\ 
three-pliaso motor SR to bo tested either oouplcd mrelianically 
to a direct current dynamo D of known commercial efficiency, or 
ftttcd with a Peony brake, p. 634; Wattmeter W', alternating 
current ammeters A 9 A A and voltmeters V a F*J triple polo 
a witch S t S a ‘, tachometer \ and if a coupled dynamo load is 
usetl, direct current ammeter A and voltmeter V; rheostat K 
{p. 606) \ switch S. 

Iota.—For a detailed description of power measurements in 
multiphase circuits, see pp. 388-400. 

Observations.—(I) Connect up as in Fig. 100, and adjust all 
the instruments to aero, levelling such as require it. See that 
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all lubricating arrangements in ubo food properly on starting 
tlie motor in tbe usual way, 

(2) With the motor quite free, tnko readings on all the instru¬ 
ments concerned when M thus runs 11 light' at its normal 
frequency and voltage, noting the speed. 

(3) If t dynamo load is used stop SR, couple the shafts of D 
and SR together and start the combination up again, with A’ at its 
maximum when S is closed ; or if a Prony braka is used take a 
series of about ten different loads from ]) or on the broke, varying 
from the smallest to the largest pcnmssihlc corresponding to tho 
maximum current allowed for SR. Kate simultaneously tho 
readings of id) the instruments at each luad and also the speed, 
the supply voltage and frequency being constant throughout. 

(1) ltoprat 3 for speeds 20% above and 20% below normal 
respectively, if possible, by varying tbe speed of tho generator. 

{a) Adjust tho direct current load to a convenient amount, 
tlren, keeping V g const tint, alter the speed of the three-phase 
generator by successive steps, and note the corresponding effect 
on IP, llh and the speed of the motor. 

(6) Kcepiug tho sjieccl of the thremphoso yencralor constant, 
niter V s by successive steps .olid note the effect on IP, IP, and 
the speed of tho motor, using the sumo load. Tabulate all your 
results as follows— 

Kami . ,« Dur ..« 

MiiUiiilm« Mutor: Kn. . .. Tyi* ., . Mikt-r . .. 

Nunnal: V11II40 . . . AmjA. , SlmnJ - - »• 

B*«. Wirai fltiir WiikIiih HlnTtor=> . . , c'ihh, 

Kotor . . . clout. 

Dynamo D: Kd ,,, T/i* , . , Maltor , * 

KVmiil: Vvlti = , . , Amjii. . 8|H =* * * 
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(7) Plot the following curvoa from observations 3 nn<l 4 for 
each speed having efficiency, power factor, slip, spent, current, 
and intake Watts ns ordinates and B.H.P, as alwcissa 1 , also 
curves having Torque os abscissa) with A& A s anil slip as 
ordinates, , 

Ami from olreervotions C and 6 , curve* between vultugo V, 
and supply frcqHOUcy ns ordinates witli spei-d of the motor as 
nlwrksm in each case. 

Inference!,—Stato very clearly all tint inferences which can 
he drawn from your experimental results, mid point out thoir 
bcuriug on electrical driving by multiphase current motors. 


(ioi) Determination of the performance of 
an Induction Motor at all loads without 
loading it at all (Heyland’s Method.) 

Introduction.—It sometimes Itappans to bo inconvonieot and 
even impossible to brake, or otherwise absorb tlio B.H.P. of 
large induction motors, and in other cases to supply the large 
amount of eloctrieal power required by them at full load from 
a generating plant which may be already running nearly at full 
loud. Tho difliridty is met fortunately in such cases by the 
following method entailing tho construction of tho well-known 
“llnjttnd Diagram” from voiy simple “no load and short 
circuit" readings on the motor. The intake current and power, 
tho output, tho powor factor, and the slip, etc., and hence 
efficiency, can then be deduced for all ii.H.P.s anil a complete 
sot of curves drawn showing the performance of the motor. 
The temperaturo rise at any load cannot however he obtained 
with this molhod, and the hest and most economical way of 
determining it is to let the motor drive a generator which is 
capablo of absorbing tho required B.H.P, and simultaneously 
return tho output of this generator to tho motor supply. Thus 
in running a G hours' temperature tost on, say, a 5U0 B.H.P. 
motor having on efficiency of 05%, the powor wasted would only 
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be some 10% or about 50 E.H.P. as against over 500 H.P. if. 
the output of the generator bad been taken up in rheostats. 

Apparatus.—Three-phase induction motor M with phases 
equally balanced (presumably) complete with starter. A tacho¬ 
meter; a voltnjeter; an ammeter raiding up to at least foil load 
intake ampere*, and a source of supply S3 at the normal voltage 
and frequency for which the motor is built and capable of 
reduction to about ) fnll normal voltage at full normal 
frequency, ns beforo, together with— 

For motors with inuA-emuiseltd itulor —2 similar wattmeters 
having a capacity of about jj of the full load uutput of the 
motor. 



Fiu. 101. 


For motors with well balanced star-amiucUd staler—1 watt¬ 
meter baring a capacity of about iV of the full-load output of 
the motor. 

The ohmic resistance of a complete stator pliaso (and of a 
rotor phase for reference liter, if needed) will bo required, and 
can bo obtained from a separate measurement with a high- 
reading ammeter and low-reading voltmeter, by tbq fall of 
potential method (vide p. 84). 

Observations.—(1) Concoct up as in Fig. 101 if the motor 
stator is mesh connected or if the stator is star connected but 
not well balanoed, and adjust tho pointers of those instruments 
which require it, to zero. The terminals of the stator of the 
motor if are 1, 2 and 3, whether it is star or mesh connected. 

(2) Close the switch S v S s , S, and start up II, finally short- 
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circuiting tho starter. Then with tho supply at normal voltage 
and frequency note the speed of M on the tachometer and the 
readings of all tho instruments, the motor running quite light 
end at '* no load.'* 

N.B.—If the power factor of tho system ia Ipw, one of the 
wattmeters will read negatively, lie verse tho connections to its 
shunt coil and take the loading which must bo considered 
and subtracted from the reading of the other wattmeter to get 
the total true power. 

(3) Open fS 1P S 2 , S t and when the motor comes to rest, clump the 
shaft in any convenient way to pro\ent it rotating, and place 
tho starter at short-circuit. Now apply any convenient lower 
voltage, tcry, J to J of the normal value at full normal frequency, 
and again read all the iuslrumcnta as in Test 2 above and switch 
off and open the starter. 

Note.—A lower voltage has to bo used in this test for the 
larger-sized motors, because the normal voltugo would cause 
dangerously large currents to flew which would probably damage 
the stator winding in evon tlieir brief application. Tho true 
static current will now be the observod current X by the ratio 
of tbe two voltages, while the corresponding static watts will be 
those observed x by tbe square of this ratio (see table). The 
mason for this is that tho static watts are nearly all copper loss 
and hence cc to (current) 11 . 

(4) Measure in a convenient manner (pp. 84 and 263) the 
resistance £ t between any two terminals of the stator and rotor, 
preferably while warm. Then tho resistance of each complete 

stater phase (star connections) r, = ; and for (mesh connec¬ 

tions) r, = JA, Also in the case uf a slip ring rotor obtain the 
ratio of transformation given by the ratio of any stator voltage 
to the corresponding rotor voltage with rings opou-oircuited and 
rotor in the position giving mux. volts, 

Jlocuni your results as follows— 
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Soto.—With mesh connectod stators: Volta poc phase =» 


line volts and amps. per phase 


1 

Vs 


lino amps.; with star- 


connected stators; Volts per phase - - , lipe volts and amps, 
per pliase — line amps. 

It will he scon that tbo Power Factor for tbo “ no load " and 
for the “ short-circuit ’’ testa ia found from the relation— 


Cos, e 


Truo Watts absorbed per phase 
Amps, per pilose x volts per phase’ 


but it is perhaps more convenient to calculate from tbo experi¬ 
mental readings by monos of the fraction given in the above 
table. 

From the data contained in the above tables, tbo Hcyland 
Diagram can be constructed, giving tits performance of tho 
motor. 
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Construction of Heylacd Diagram,—This will be or id or stood 
more easily by working it out from tests recently made by the 
author on a 360 500 volt throo-pljo.se induction motor, 

running at a speoil of 300 rev*. por min. with a normal 
fitquoury — 60 per ►»«;. Tho a tutor windings wei o star con¬ 
nected, the rotor windings being also star connected, and loci out 
to throe slip lings which waio connect is l to a starting resistance, 
Tho method of procedure with this motor was aa follows— 

With an annuoLor in one lino and a wattmeter connected 
bat ween the neutral point and ono terminal of the motor so at* 
to measure tlio true watts absorbed by ono phase (sseo Pig. 151, 
p. 396), tho following metisuroreonts wore made— 

Motor running light at normal speed, frequency, and voltage 
with rotor short circuited.— Walt.motor reading = 3GQ0 watts 

per phase - 


Lino current (A ± ) =» 142 mnperca. 

Kcaistaueo of each phase of stator (cold) r t = 0 0122 ohm., or 
by calculation about 0*013 ohm. (hot) ou tlio assumption of a 
maximum tempera Luie rise of 7CT h\ abovu that of the air. 

JUxiAtanco of tsurh phase of rotor (cold) r? - 0 0051 ohm, 

• lhitio of transfonuabioti in rotor 500 :325. 

Jtailing in mind always that tbo diagram is constructed with 
reference to ono phaso of tho motor, and not Iho motor as a 
whole. Fur time that in touting motors with mesh connected 
stutora it would bo tho total power ubsorbed that would bo 
measured by tho two lino wattmeter me thud (Fig. 101, p. 276) 
instead of that per phase. 

Ifoncn the power factor of any phase, whether in star- or mesh- 
coimocted stator*, cun bo calculated be>iL from tho general rotation 


cos, 0 a 


3Aj' 


wlioro to, = tutnl power in watts absorbed by motor running 
liglit with n lino current A x and line voltago V. The numeral 3 
ralnrcs to, to watts per phaso,nnd J3 reduces tlio line voltage V 
or liua amperes A x to tlio corresponding quantities per phase in 
the case of star- or mesh-connocteU stators respoclively, Thus 
in the present case 
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cos. ff s — 


J3w, ^3 .10800 
3i i r = 3.142.600 


00878 


or $, - 85'. 

Kotor at standstill with rotor abort circuited and itator 
supplied at normal frequency.— With those conditions wo require 
tile lino current that would llow, and also the truo watte absorbed, 
nt normal line voltage. As, however, a liuo voltage as groat ns 
the normal value would, in most motors, produce an abnormal 
current that would be iocoovoniont to measure and liable to 


damage the windings, a smaller voltage sufficient to give a 
convenient line current is applied. Thus in tho present case 
the Hue current A t ‘ = 104 apjps. 

„ pressure V t = 127 volts. 

Wattmeter reading = 8000 mitts per phase. 


From which wo calculate the following static standstill 
values— 

Line current 

. normal volts 500 u .„. ., 01 _ 

applied volte 12( r 

Total watts absorbed 


in, = X (3 x 6000) - 372,000 watts, 


whence 


cos. $ l 


J3w. _ JS :i72000 
3J*K “ 3 , 151)1 .500 


02701 


or Q x - 74 3'. 

Current Circle. —Unfurling to Fig. 102, draw two lines OK 
giving the phase of the supply volts and OA perpendicular to 
one unuther, and from tbo point 0, us origin, set oft' a straight 
line OC (= current which would be taken by tbu stator if 
directly across normal voltage), making an angle 0 L of 74*3° 
with OK and another lino OD (—no-load current) making an 
anglo $ t of 85° with OK. Now ohoose a convenient linear scale 
of current* e.j, in tbo present case, 100 amps, = 1 cm., and thus 
make 
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and make 01 ) ™ 112 


112 
‘ 100 


- 112 ODlfl. long. 


Thon with a contra L (on OA) draw a sepal-circle ACZT) 
through tho points C and D, nnd cutting OA in A and F, thus 
determinin', the point A. From 1) draw DF = energy com¬ 
ponent of no-load currant perpendicular to OA and cutting it in 
F, then 1>F0 is the no-load triangle of currents OF -- tho no- 
lood magnetizing current cos 0 t — tho no-load power factor. 
Hotor current — KB X ratio of transformation stator intake 
cc B V amt A'AF is tho current circle for the motor. 

Output Circle. —Join CA, and from A draw All perpendicular 
to AC, cutting the perpendicular IIX, to 0.1 through /,, in tho 
point IL With oentre II draw tho output Semi-circle AXF 
through the points A and F. Siueo the angle CAII =. 90“ tho 
lino CA is a tangent to tho output circlo, tho ordinate of 
which at A is zero, thus satisfying the condition of no output 
corresponding to this point and the point C, output of motors 
ST which has a mux. vnluo — XJ. 

Torque circle. —The torque of an induction motor is pro¬ 
portional to tho rotor flux (R f ) x the rotor current ;7i.) and in 
fig. 102 the right-angled trianglo AGO is a triangle of fluxes in 
which AC or E ,: AO c stator flux [Sy) which is also cc applied 
voltage per phase and OC ec leakage flux w Consequently the 
actual rotor flux will be cc AC -copper drop in stator resistance, 
end we proceed by first finding the voltage represented by AC 
when the vults per phase of stator aro represented by AO. 
Thus— 

volts per stator phase length of AO _ 16*7 cms. 
volts represented by AC length of AG 4'55 cuis. 1 


whence—volts represented by 

AC u . 4-S5/SOO\ 

A' * AQ* ™ ts P® r I’™ 80 “ Y6 r 7\T^iJ 


78 66 volts. 


Now the copper drop for stator phase (for tho short circuit 
current = 1691 amps.) 


= A^r, - 1591 x 0'013 «• 20 GB volts. 

Therefore from the point <7 mark off along CA tho lougth 
C.V ■■ 2068 volts, which is proportional to 
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20fi8 x 4’B5 , 

^ = ~ 78 "( 36 —“ I ' 196em " 


Now find a centra K in %JI f sncli tltat a semi-circle ANYRf 
desmhod from it passes through the points ANF. This is tho 
required torque rirclo. Since the rotor flux is'represented by 
AF t the tofcnl torque is x AN x CF which is x to the arp& of 
tho right-angled A A NF (the lino AT not being shown in Fig, 102). 
But tho base AF ia constant. Hence tho total torque is « to 
tho altitiulo of tho triangle. For example the total torque is 
« A'IK for tho stator current OB, Again, in tho no load triangle 
of currents ODF, the no luftd wattless magnetising currant = OF 
lagging 90'’ in phase liehind tho K.M.F. OF, and having a load 
current component in pluue with OE = FD, The resultant 
no load stator current as rood off on the ammeter = 01), Hence, 
since useful torque — total torque - torque spent in overcoming 
internal friction* for the anno stator current OB, we have 
useful torque x RW — UW * RU. Starting torque would 1)0 
NAf at the starting current 00 anil a power factor cos $ v 
Slip of the Motor.—Since we know that tho slip is dirortly 
« to the rotor current AT, and inversely * fcn the rotor flux 
AN, we sco that it will have its maxi muni value at 0 and 


minimum value at /?, for 


AT 

NA 


(which is <x 


to slip) has its 


maximum value unity at C when the motor is al stand-dill. 
Fiom (J therefore draw CF perpendicular to A A.' cutting AO 

in 1\ Then the »lii> x x ^ x QP, einco AP is constant 
A .1 A P 


and the triangles A]tFu nd A PQ nro similar. 

Now maximum slip corresponding to the point C and tho 
motor at standstill is oc CP, which 8«du8 4*35 cm*. and 
represents 100 % slip. 

Tho E-lip at tho output load ST when taking a stator currant 

Oil is ,on K tl i_ / ’tf x 100 % = x 100 = 0'9 %. 
length IV /o 4 SB N 

Stator copper loss =s (BY — watih and rotor copper 
loss *-» (UIJ ~ *97} watts each to a wale of watLa witiUfl for 
input BY and output AT, HR and KS — ohm ill'll of volt* in 
stator and rotor respectively to same scale u» OA gives stator 
volts per phase. 
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Application of Diagram.. Tlio diagram can now bo employed 
for determining the perfunnanco of the motor at any load 
corresponding to any point such as B taken anywhere on the 
current curve A’/.F. Suppose that wc choose the point B as 
being tiic point nf contact ot the tangent OB with the current 
circle AZF, Join All, culling CP in (l, the circle AXF in S, 
and A YF in R, and draw tlio perpendicnlues AT, ltUW, and HIV. 

Power Factor.—For any given point on AZF the power factor 
is given hy the cosine nf the angle between the join of this point 
with 0 and tho lino OK. At B it has the maximum valuo 
possible, sinco Oil is a tangent to the circle, namely 
cos. d = cos. 32-8' == -810G. 

Stator Current per phase = OH, which is also the line current 
in the present ease since tho stator is star connected. 

This scales 4915 cms. corresponding to 49a amperes (since 
100 amps. = 1 cm.). 

Total Apparent Watts absorbed = J3 , V . line amps. =■ 
/3 .COO. 495 . 428,GOO watts. 

Total True Watt* absorbed = Ji.V .(component of OB in 
phase witband parallel toOK). 
JS.V.BV with star con¬ 
nections *■ ^3 , E00.41(i — 
300,200 watts. 

Tlio same re,nil. is given by 3(/J I) x volts pier phase. 

Stator copper loss for this loud = 3 (r, x component FIB of 
b tat or cun out) = 3.0 "013. (43G) S = 7381 waits. 

Tbis loss is pro|x>rtionnl to HR which = 0’43 cm., and tbo 
Kotor copper loss is <c to IIS which - 1*0 c.m., and this Ices 

therefore » ' x 7381 = 17,1G5 watts. 

43 

The total loss in tlio motor at the load corresponding to tbo 
intake elator current OB = 10,800 + 7381 + 17,1 G5 = 35,346 
watta 

The output of the motor thorofore = 360,200 - 35,346 = 
324,854 watts «= 436lUr.P. 

*)i)i or.A 

The efficiency of tlio motor therefore = ——! - . = 00-18 % 

when giving 436 or 21 % overload with a power factor 

already found of 84 %. 
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The ordinate ST thu» represents 43G RTC.P. or the scale of 

the ordinates of fcho output circle is--'!!! = —= 119-5 

ST 3 65 cma. 

B.H.P. por 1 era., consequently the rated full loud of the motor, 
nimoly 360 B.H.P., will he given hy an ordinate such as ST, but 
only 3 014 eras. long. 

The efficiency, power factor, and slip, otc., can now be worked 
out for this new full load point which gives another point, such 
as fl on AZF nearer to F and a line aucli as AD, at a smaller 
angle to OA. lfonco the performance at nny load can ho 
detormined. 

Further, if T - the torque in pound feet, 
and u = the angular velocity of tlio rotor = Svn, 

where n — tho revs, per mi n. of the rotor at a gi von B. H. P,, 

T 2wnT _ 33,000 13 K.P. 

33,000 


then 13,11.P. > 


33,000 33,000 2iro 

Now since at B tho B.1I.F. =* 436 and tho slip - fr9 r /' t .'. n — 

T 


= 279 r.p.m. 


. . 8210 lb. ft. 

‘Ir. 379 


Iloncn tho srale of the ordinates, such as ItU, of tho torque 
circle is known from all other ordinates Inun tho above, and 


8310 
= IIU 


8219 

3-9 


- 310-5 1b. ft. 


per 


cm. 


Tho maximum torque which the motor can oxort before pulling 
up is represented hy JY, and tho maximum B.Ii.P. by JX. 

The starting torque corresponding to the current CO is Nil. 

Tho Heyland diagram becomes more accurate tho smaller the 
no load losses as compared with the copper lossos, i, c. the larger 
the motor tested. The performance of tho motor is slightly 
better than given by the diagram, whilo for motors smaller than 
for 4 or 5 H.P. the lino MD should ho drawn downwards from 
It at an arbitrary angle of about 25“ to OA for greater 
accuracy, 1 in correcting (lie small error (slightly affecting tho 
accuracy of tho diagram) duo to the greater proportion of no-load 
to load losses in small motors. 


1 Far higher accuracy aea Theory of Induction Motors by Diagram, G. 
Oiwnua: Zeltsohr. Elektmtech. Wain, 17, pp. 223-248 (18881, ami Circle 
Diagram, by J. L, la Cour (■nine journal J, 21, pp. 813-618 (Nor. 1383). 
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Note. —If Off be drawn perpendicular to J1F produced, then 
AJi and Off will always be parallel at all loads ntid perpendicular 

to no. 

Tho aides OB, BG, and GO of tho triangle 0110, represent the 
stator current, rotor current, and magnetising current respect¬ 
ively. Now, in any electro magnetic circuit tho total fvr = 

tho us?fid fn-t -f- tliu Inikttje Jim, while ia called 

tho halnje fl'tor r, which is always greater than unity, and 
^totanii* 1 * ** CI1 ^ C '^ ^ marital of m/tynetic rfispemon o 
which should Ic always much less Ihun unity. 

In the Key land diagram, Fig. 102, the leakage factor 
OA Of -f- FA OF , , 

V= FA = FA- " FA + 1 


and the dispersion cwftieicnt 

_ OF _OA - FA _ FA 1 
OA " 1 ~ (M 1 


(102) Complete Test for Efficiency, Slip, 
Power Factor, and Temperature Rise, 
of Three-Phase Induction Motors. 
(Sumpner and Weekes Method.) 

Introduction.—'This method, 1 duo to Ur. W, R Simipnov and 
It. W. Weehes, is an application of tho principle of the ordinary 
IIopkiiiHon Ipst of ft pair nf de. dynamos (p. 228) to the tost of ft 
pair of tlircc-phnfie indue tiou motors. The arrau^omeut, which 
entirely avoid* tiio use of a brake, is extremely cotivrniHnt for 
obtaining the tern porn lure vta due to a long run ftt any particular 
load, and is shown in Fig. 103 A! and G are the two machines 
to bo tested, of which M is made Die motor and G tho gonoialor. 
Their stator teiuii arils T are cornier tod to tho main supply SS y 
which is ftt the normal voltage and frequency required by G and 
j \f, A. bolt B drives the rotor pulleys, which must be of different 
diameters in order to enable tlic generator G to run at a higher 
speed, and the motor M at a lowov speed than that of synchronism. 

1 Coirmunhated by the authors to “Section G” of tho British Acooinlion, 
Aiiflnst 22, 1004, it Cambridge. 
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If B„ and I) v are the diaatclora of these pulleys l then winning 
the rotors m-o to remain short circuited during the test, tlio ratio 

jAf must be such as to cause the right slip for tlio load 
IsQ 

roquiral. For example,—if the slip of each tuuOliiiio M and Cl 
— 2 5 a / Q at full load, and if tbo probable ofiiciency of each ■* 85 /, 
then 15 % of the load is lost in each, and thu overload of tlio 
motor if = 30 % roughly, corresponding with 2-5 + - 1 ' I 5 ° J x 2 5 or 
325 % roughly. Tlio other machine G working as a generator 
developcs full load and has a negative slip of 2 5 %. D u and U 0 
must thorefoio differ by 2’5 + 3'23 or 5"75 /, assuming no 
mechanical slip of the belt B on tbo pulleys. If, however, 1-23% 
bo allowed for till*, tbo pulleys nnu»t differ by 5‘75 +1*25 or 7 % 
in diameter, and tlio luiu-bincs under tot will, wheu switched 
into circuit, take a perfectly definite taid which am be maintained 
for any length of time. 

An interesting feature of the test lies in the fact tlyit C t the 
machine Uiicil us tbo generator, gives current of about the samo 
power factor as that of the current supplied to the motor JT» while 
Iho current from llie supply mains SS is the difference of tho 
jKiwor components of the nmchiiio currents, together with the 
sum of the imluctivo components of those curreutn, Consequently, 
the p iwct factor of tho main current from SS is vory small, and 
may be only Jj d of tint of tho lnncliiiio ciirnaut, tbo m:iiuciuTetit 
from SS may 1>© equal to, or greater than, that through tho 
machines, while the actual power taken from SS may bo less 
than J of that circulating round the machine* G and J L 

Altentiion of load with two given pulley a call bo obtained by 
alteration of resists dcb in tlie rotor clreuils between starter and 
slip ring*, or by using a low vosiHlauco starter which can stand 
the full load rotor currents. The (FH losses in these rotor resist' 
ances, if appreciably must bo deducted from tho power taken 
from SS in order to got the total loss in the two machines (! and J/ 
and in tlio bolt drive, Tho machines can be run at various loads, 
with rtrisUnco variation such os above, if the pulleys are chosen 
with sufficient difference to obtain tho maximum slip required. 

Tlio magnitude of tho mechanical slip at tho pulleys is deter¬ 
mined by tlio ratio of thoir circumferential speeds, a quantity 
difficult of dolormhiation with any accuracy in ordinary belt 
drives, but most cosily found in tho present method. Thus— 
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let S, = frequency of the supply current, 

(j t -> „ ,, generator rotor current, 

At, ■= „ „ motor rotor current: 

then mti'* of tlie rotor speeds R-(S t A (J,) -S- (N,- M,) and 
ratio of the circumferential spOed» of tin pulleys = It 

•*3t 

G and Nr can be very accurately deter mined, and arc each small 
eonipnred witli so that altliougli S y cauuot be so accurately 
found, the value of It is not much affected by small errors io S f . 

Tlie belt losses ere easily determined, as shown in the table, 
and are caused hy («) extra bearing fiictiou and in beudiug and 
driving the belt, (/>) boating of the pulleys due to belt slip. 

Apparatus.—Tin) two similar three-phase induction motors to 
bo tested: suitable pulleys and belt; four alternating current 
ammotere a., a v A } ) an alternating current voltmeter V ; foot 
wattmeters «•,, tr s , Jf,, IF,; source of three-phaso supply SS of 
normal voltage and frequency for which the machines under tost 
liave been built) three-throw switch *„ « 5 , if,. 

N.B.—Switches most he used with t.he stator connections if the 
rotora arc of the “ short circuited " type, but aro not wanted if 
the rotors are supplied witli slip nugs and starting i-esh-tauce. 
Only two wattmeters will be misled if one is connected between 
neutral point and a terminal in the case of each machine, since 
in this case total power = 3 x power of one coil, which is sufficiently 
accurate for commercial work. Two wattmeters to cuch machine, 
us shown in Fig. 103, is, however, the host and moat aocnmte 
arrangement, and lias the additional advantage that the ratio of 
the readings of a pair of wattmeters gives tlio power factor inde¬ 
pendent of the usual method of getting the power factor from 
trno watts -t- apparent watts. With two wattmeters the leading of 
one will be owing to the low power factor of the supply current. 

Observation!.—(1) Connect up as shown in Fig. 103, and 
adjust those instruments to zero which require it. 

(3) With tlie supply SS at tho normal voltago and frequency 
needed for M and (!, and the bolt B off, close i t , s 3 , and start up 
M and G, which must run in the tume direction. If they do not, 
stop them, change tho connections at T, and start up again. Note 
the readings of all the instruments, and denote those of tr t and tc, 
by m 31 and ic M respectively. 
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(3} Stop .1/ ami G, place the belt on, and start up again, with 
only one of tho machines in circuit, avid acting os a motor, but 
driving tbo other by bolt with its stator excited and rotor open 
circuited. Note the readings of all the instruments, and denote 
those of iCj, tPj by to ^ ami w S2 respectively. 

Time the bolt loss JJ* = + w**) - (io ol + w^). 

(4) In Testa 2 and 3 above, and in all futuro laid testa, the 
slip of cadi muchino can most conveniently and accurately be 
determined by measuring tho frequency of tbo rotor currents by 
suitably shunting any ordinary low reading d,c. voltmeter to tho 



slip rings of tbo rotor, and noting the number of periods niado 
by th« pointer in, say, 20 seconds, those lx dug »low enough to bo 
easily couu ted. I f 4/^— n uui ber of periods jier «ecom i, i n, say, tbo 
case of tho motor rotor currents and S, = frequency of llio supply 
current in periods per auuund, then the slip of tho motor — 

.y? 100%. 

«# 

(3) Take readings at different loads, obtained by altering 
tho re&istance in the rotor circuit and tabulate as shown on 
page 293. 

Tbo vulues of the losses given in columns 31 and 32 are 
accurate enough for commercial purposes if tho two machines 
arc of the same m&ko and of about tho samo rated full-load 
output aud if subjected to tho samo voltage. A greater degree 
of accuracy may bo obtained, however, by subdividing those 
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losses. In addition to tho diameters of the pnllaya indicating 
which machine is the motor and which the gonorator, tho latter 
is tho one which must always run at the higher speed. If 
the belt is removed and the machines run light, the wattmeters 
IF, mid IK, will read negatively if G is the gcDomtor. 

Column 44 is obtaiued from tho oorve Fig. 101, which is drawn 
in the following manual'. 

The ratio of tho two readings of wattmeters W l and IF, 
connected as shown in Fig. 103, varies from + 1 to - I. Hence 
the power factor cos. i/i can be calculated from the readings of 
IF, and IK. by substituting different values of tf> (the angle of 
lag) between current and voltage in the formula shown. 



The value of jp 1 so found plotted against the value of cos. 
gives the curve. Fig. 104. As an example of the application of 

IF 

this curve, let IK, - 6800 watts, IF, - 18000, then -sp? = 0 37 
and cos. & - 077. Again, let IF, ^ 2000 watts, IF, ** 
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(103) Relation between Efficiency, Slip, 
Torque, Load, etc., in an Induction 
Motor with Variable Rotor Circuit 
Resistance. 

Introduction.—The present test ia obviously just An extension 
of, and similar in almost every way to, teat No. 100, which 
id therefore repeated hero bat with different amounts of tho 
starting resistance (r) in circuit instead of it being all cut out 
to short-circuit as in that teat. Consequently there will be 
one act of curves, such as was obtained in tost Nn. 100, for each 
different valuo of rotor circuit reactance used in iho present 
investigation. 

Further, if, say, five different rotor circuit rcawtancra were 
used, giving five complete acts of curves as in test No. 100, thrn 
any of the variables plotted, Ray, against load, for tho different 
coolant rotor resistances can be transferred and rcplulted against 
rotor redstanoc, e. q. tlieuo would be five edioioiuy-Ioad curves, 
then if a straight lino was drawn through, Ray, full-load jtoiut, 
parallel to the axis of efficiency, and cutting the five efficiency 
curves ; the fivo different efficiencies obtained by tho five inter¬ 
section points can be plotted ugauwt the five values of rotor 
resistance of the efficiency load curves* to give A curve of fivo 
points lietwcen efficiency and 1 * 0 tor resistance only. 

If = KM.F. induced in each stator circuit duo to tlio 
rotating field, 

y 4 X M =* number of turns per phase in each stator and 
rotor winding reflectively, 

= angular velocities of rotating slator field and rotor 
respectively, 

r R = resistance of each rotor circuit, 
i f = self-induction of each rotor circuit, 
p = numlwrof pairs of polos in the rotating stator field, 
/= frequency of tho Btator Bupply voltage and 
currents, 

A' = tlio slip. 

Then wc have K = - 1 and tho frequency of tlx* induced 
°*i 

E.M.F. and currenta in the rotor circuits will = ^1—-x/“ 

*1 
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Kf~ slip in cycles per see,, and it can be shown that the 
running toitpie T is given by the relation 

_ KfRfr M K__ 

A' 2 (^V//, tf )-+ rj) + rj) 

P 

where fjp =■ speed of the stator rotating field in 

revs, per si\\, 

and 2 t/^> = u» l — its angular vcloril.y, 

KlvfL s — reactance per rotur circuit when in 
motion and which is oc to klip, 

and A?(2»r/'/^) 2 r£ = (impedance) 3 por rotor circuit when in 
motion. 

Further, if A R — current per phase in I ho rotor, and F^ 
leakage flux, then tlu: cocflirient of self-induction per pli.iso of 

the rotor = \ henries, which can also bo calculated from 
KJ ,1* 

tlic shape of slcJtH and winding in them. 

The above expression for T shows us that the running torque 
T of tho induction motor is oc to the wjuar© of the viator 
voltage, i.c. to tho sipwro of tho slattw flux, and increase* 
as both the supply frequency and re.irtuuee per phase of tho 
lot or decreases, becoming a maximum (fo/) when 

K - r * T WV _ _ A’W/ 

™ A-,'ir/2(\ir/Q " VX.WjV,, 

V 



Thus, ainro tho lust expression for tin maximum value of tho 
running tunjuo dixis not contain we ace that it is constant 
anil independent of tho rotor circuit resistance, hut for different 
value* of rotor resistance will attain tlx: same maximum value 
bd at a different slip, ub indicated in Fig. 105. Tho motor starts 
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At 0 with 100% slip and ranchos the same maximum running 
torque b<l = og for slips of «!% and co =» 100% (i. a. full speed) 
respectively, with rotor circuit resistances rj, and r ,; since tha 
stator current depends on tho constant no-load current and 
rotor current, und the Utter will always bo the samo for a 
given torque, it follows that each value of torque will have 
a definite stator current which is independent of the rotor 
resistance. 

Apparatus—Precisely that for tho preceding efficiency-load 
test No. 100, the starting resistance in the rotor circuit being 
of sufficient current-carrying capacity to enable it to carry, 
without overheating, the full load rotor currents. 

Observation!.—Connect up ns in Fig. 100, ami carry nut 
the teats precisely as directed in that test, for os many different 
values of starter resistance as possible. 

Tabulate ns shown on p. 276, adding two extra columns for 
values of starter rcsistanco (r) and total rotor circuit resistuneo 
r, = (r„ + r) respectively. 

Plot the following curves having torque T in lb.-ft., and rotor 
current A, as ordinate* with percentage of full speed (or slip), 
and stator current A s respectively as aUissrc for each value of 
rotor circuit resistance (r,). 

Also curves having efficiency, power factor, slip and true 
stator watts absorbed as ordinates with B.11.P, us ubcissas for 
two widely different values of r* 

Inferences.- From a careful study of tho numerical result* 
and curves stato clearly what can bo deduced. 


(104) Relation between the Starting Torque, 
Current, Voltage, and the Rotor Circuit 
Resistance of an Induction Motor. 
(Rotor at Standstill.) 

Introduction.—Under these conditions tho slip will be 100%, 
since the speed is zero. Tho power absorbed will include both 
iron and copper losses, and the motor will approximate to a 
static transformer with a non inductive secondary laid. 

Now the frequency / of tho stator supply will also bo that 
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of the rotor circuits whoa at rest, and if wo put K = 1 in tho 
expression for tha running torque (p. 295), sinco the rotor is 
now stationary, it will ho earn that the starting torquo T 0 is 
given by tho relation 

Wr, 

•"WMWiW + rJ ’ 
r 

whore t = speed of the rotating fiohl in revs, per sec, nml — 

;» p 

its angular velocity, (2ir/£J* + y t = tho square of tho im¬ 
pedance, and — tho reactance per phase of Uio rotor 

when at rest. From tho abnve relation wo sec that the starling 
torquo J'o is K to tho square of the stator voltage,». e. to the 
square of tho stator flux, and increases as both tho supply 
frequency and reactaneo per phase of tho rotor decreases, 
becoming a maximum when 2irfL s = r,. 


For this last condition- 


■r = 


«. inversely x to >> 


wo therefuro havo tho following most important deductions, 
namely, that for a given supply frequency, tho starting torquo 
is a maximum when the resistance and reactance of tho rotor 
circuits aro equal and each as small as possible. Mince tho 
rotor currents are a maximum at starting, the present test 
enables tho maximum value of tho starting resistance to ho 
obtained under cither of two conditions: namely, (1) for 
maximum Btartiug torque, or (2) for maximum anfB starting 
rotor current. In the former, by measuring tho values of L a 
and r»pcr phase winding of the rotor wo know that for maximum 
starting torquo 2q/Xj must /' w r, whonoo tho external starter 
resistance must havo a maximum value r = -rjL a — r w ohms 
per phase. 

In tho latter, if V a = the standstill slip-ring voltage at 


normal stator volts and frequency, then - * = tho standstill 

V 3 

volts per phase winding, whence r >=* — j-— ohms per plinse for 
a maximum Bafe starting rotor current A a . Tho gradation of r 
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between thin maximum value and 0 depends on tlio number of 
switch contacts and sect ions chosen. 

Apparatus,— Thfit detailed for tlio no-load slmrtcircuit test 
No 98, using an induction motor having n .slip-ring rotor 
connected to Urn usual form of three-phaso equal variable 
starting resistance of a current-carrying capacity aullieient to 
ullow the necessary timo for taking reelings without over* 
heating In addition, a block brake and lot or, preferably similar 
to that ahown in Fig. 95, will be needed to measure the torque 
exerted by tlio shaft. 

Observations. — (1) Connect up as in Fig. 100, levelling and 
adjusting to zero such instruments as need it. On starting up 
M?e that all lubiicnting arrangements are feeding pvoporly. 

Star tiny Torque With Rotor Circuit IftsaixtftnV for « Cunxtaul 
Svpj/ty YoUtvja and FrrywHcy.— (i) Adjust the supply frequency 
/ to the nomial valuo for Ihe motor and the supply voltage V § 
to some convenient value, if necessary lower than the normal 
value for tlio motor in order to avoid excessive rotor current * 
and keep both constant. Then read the spring balance and all 
other instruments rr* qniclUj «* when {/•) is moved one 

contact stud at a time from *ts “full in f> position to such a 
position nearer that of short circuit at which the rotor current 
reaches u safe overload uilue. Finally measuring tlic resist¬ 
ance of eadi rotor circuit corresponding to each contacts mi 
position. 

S‘fating Tortpm with S tip fly Fre*jwtnrtf for Constant Rotor 
Circuit Umstanw nwl Supply Vohaye, —(3) With tlie supply volt¬ 
age V s and starter resistance r adjusted to convenient values for 
giving safe maximum rotor currents anil kept constant, read 
the spring balance nnd all l he other instruments <r# rapidly as 
jxmihfo nt each of a series of supply frequencies (/) between 
the maximum and minimum values jxnihk! and convenient. 

Shirting Torque frith Supply Voltage for Constant Rotor Circuit 
Reaiatanct and Frequently .— (t) With supply frequency and starter 
resistance r adjusted to convenient constant values, read the 
spring balance and all instruments as rapidly as poswiblo at 
each of a series of supply voltages V 3 Ik; tween maximum and 
minimum values giving safe maximum rotor currents, and 
tabulate all your results as follows — 
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Mclcr: Jfo. . . . Tn» * • * NikH . . . 

Full load i Volta , An pa. ■.. . Speed «... rrc^wauj «... 

&m. ptT phtM winding of rotor r» — ohm*. 

Lev ersge of Spring B*]«nw from Shaft Centi e (0 « ft. 


a 

1= 

" 

it 

U 

t* „ 

|S 

1* 

>» 

1 

t 

lU 

a 

p 

■s 

i 

3 

Trt.l W.IK 

i . 

& 

C * 
" . L 

.«! n 

ill 

h i 

& 

J 

0 

«< 

ct 

c 

■4 

Itllor. 

>15 

■8 

| 

jm 

6 


a 

n 

"i 

£ 

3 

6 

> 

■*\s‘ 

m 

■* 1 

- ^ 1 

^ & ®5 

_ 

1 






< 

II 1 1 



(5) Pint curves having values of A n A h , And 7^ aft ordinate*, 
with values of (r*) from oba. 2 aa absciaRie, also curves having T 0 
as ordinates with («) frequency (/) from olw. 2, and (ft) stuljr 
supply lolls (\\) from ubs. 4, (.;) statur amps. An, and (>/) rolor 

amps. Ap An additional column for values of — ( * ) might 

W 


be added to this table in order to see how nearly thin ratio is 

yi 

con slant, in, how nearly the starting torque hoc to^, ■ * 

Inferences.—From a careful study of the numerical results 
and curves, carefully poiut out nil that can bo deduced. 


(105) Determination of the Efficiency, B.H.P., 
and other Characteristics of Single 
Phase Alternating Current Commutator 
Motors. 

Introduction.— The comparatively email starting torque of 
the induction motor to that necessary for electric trad ion work 
has led in recent years to the production, improvement, and 
utilization on an increasing seals of tho so-called alternating- 
current commutator motor. It is well known that any ordinary 
direct-current series or sliuut-wound electric motor will run in 
one and tho came direction whichever way the supply current 
flows through it* for with every reversal of the supply current, 
tho magnetization of Ixith field and armature will also be simul¬ 
taneously reversed, and the motor will continue to run as if 
nothing had boon changed. Front this it follows that any 
ordinary D.(J. machine will run os a motor when supplied with 
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A.C., though inefficiently owing {1) to the Urge eddy current loss 
duo to heavy eddy currants which would be set up in the solid 
field system hy reason of the rapid reversal of the magnetisation, 
and (2) the demagnetizing effect of such currents on the field. 
If, however, the field system is well laminated, liko the armature 
of any machine always is, the mochino would run with reason¬ 
able efficiency on an A.C. supply, but will develop less power 
than when run with D.C,, of tho samo mean voltage, owing to 
the smaller current and flux, and to the larger iutcrnal losses 
duo to eddy currents and hysteresis resulting from an A.C. 
supply. 

Tho field magnets of A.C. commutating motors are either 
bi polar or multi polar, whether of the projecting-polo fonn used 
in D.C. machines, or of the cylindrical form with uniform air-gap 
as used in induction motors, and with definite polarity produced 
by tho windings hut not otherwise so evidont. The armature, 
however, presents the usual appearance of D.C). forms, although, 
along with its commutator, embodying features mentioned later 
and necessary for ensuring satisfactory operation. 

These festnres will be appreciated after a brief consideration 
of the actions taking place in the maohine, but at the outset it 
should be realized that a single-phase series-wound commutator 
motor, built on the best possible lines for a given voltage supply, 
will operate in every way as well, bat even more efficiently when 
run from a D.C. supply of the same voltage. In fact, such 
motors have to run on A.C. in some parts and on D.C. in other 
sections of certain tramway undertakings. 

Now, considering such a series-wound motor with (for 
simplicity) a two-pole field, and hence with one pair of brushes, 
with a D.C. supply, producing a unidirectional fold in the 
polee and tkrougk ike armature, there will lie set up a uni¬ 
directional inrluced potential difference (P.D.) having its 
maximum value between the brushes, i. *, along tbo “diameter 
of commutation” which, with the motor running light, will be 
coincident with the “neutral axis” and perpendicular to the 
direction of tho fixed field. This induced P.D. (or “back 
E.M.F.") is set np solely by reason of the forced rotation of 
tho armature conductors across tho field, by tho supply current 
flowing in them, and with a given field is entirely due and 
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dire-tly « to tJio speod («) of rotation. On tlio oilier hand, 
with an A.C. supply producing on alternating field t'tl the pules 
and through the armatw'S^ there will bo sot up twu distinct 
alternating P.D.s: naiucly, (1) the induced P.D. having its 
maximum value between the brushes exactly as mentioned 
above, and with a given field entirely duo and directly or to 
the speed (») of rotation; it is in phase with the field and also 
practically with the current, and consequently not in direct 
opposition of pilose with tho supply E M. F., and {!) the self- 
induced P.D. haying its maximum value between two points 
in the armature winding on a diameter perpendicular to tlio 
diameter of commutation. This self-induced P.D. is sot up 
solely by reason of Uio transform* action duo to the armature 
conductors cutting tlio alternating field, and will log in phase 
behind the field flux by an angle of 90°. Its magnitude will 
depend only on the strength and rate of reversal (i, e. the 
frequency/) of tho alternating field, and in no way on whether 
the armature rotates or is stationary. It lias no effect on tlio 
action of the motor, nor on the supply ; consequently, due to tho 
main field, in thu re Luting armature of a single-phase commutator 
motor, there arc induced two entirely distinct E.M.F.b -one 
caused only by and directly cc to the speed of nutation, the 
other caused only by transformer action and directly cc to tho 
supply frequency. 

Now, when a current Hows through tho armature, the latter 
becomes a powerful electro-magnet, tlio two lialves of the wind¬ 
ing in parallel between the brushes producing two similar semi¬ 
circular electro .magnets having a consequent north and a 
consequent south pole situated iu the diameter of commutation, 
and at a distance apart equal to the diameter of the armature core. 
Tho fiux of this armature magnetization will be in phase with 
the current, and have a direction therefore perpendicular to the 
main field flux, or in line with tho diameter of commutation, 
giving rise to the phenomenon commonly known us armature 
reaction. It will react on the main flux in three ways; (1) by 
distorting and dragging it round in the direction of rotation, 
(2) by inducing in the armature conductors, ns they rotate 
through it, on E.M.F. along on axis parallel to the main field, 
but which will not in any way afiect tho action of the motor, 
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(3) by inducing, tlmiugh transformer action on the armature 
conductors, an KM F, of self-induction 90° in phaso behind 
tho current and acting along an axis joining tho two brushes. 
The value of this self iudooedor rcactanco voltage of tho armature 
is 1,'It/A wl ore I., = cocflicicnt of self-induction of the arma- 
lull) winding carrying a current A, and / = tho frequency of 
the current d, which in this case is that of the supply to the 
motor. Since the motor is scries wound, the same current A 
will flow in the field-winding which will have a coeifleient of self- 
induction /,, Consequently the series Geld coils will introduce 
into the circuit a self induced, or back, or reactance voltngo 

L/'’x/A. Thus the totid reactanco voltage of the motor 
will = 'IrfAIJ.f -\- /,„). Now the reactance of tlie machine lias 
the disadvantage uf reducing the power factor of lire circuit, 
and bLouUI therefore bo miuiuiixed as far as possible. 

Ti'.at due to tho field roils cannot be reduced, liecause the 
chief cause of its existence, viz. the flux, is also necessary for 
the opei-ation nf the machine us a motor. 

The reactance of the arinatuiv con, and is, compensated for 
by an additional winding un tho field system midway between 
the main field windings, and producing a flux equal and opposite 
to tlic reactance field of the armature, and which is connected 
either in series with the circuit oe shurt-circuited on itself. In 
either case the effect is the neutralization of llic armature reaction 
flax and reactance and an in (Tease in jxiwor factor. Again, 
although the self-induced voltage in tho armature coils, due to 
transformer action and main field lins no effect on the action of 
the motor, it has an effect on the commutation. For example, 
an urmnLure roil undergoing commutation is short-circuited hy 
the brush while inactive, f. e. generating no 11.M. F. by reason nf 
its rotation across the field. Since, however, in an A.C. motor, 
the coil by transformer action has, during commutation, a oclf- 
induccd li.M.F., this swill produce in it, when short-circuited 
by the brush, a heavy current which when broken os the segments 
leave the brush will cause sparking and the deterioration of tho 
commutator. 

Now, the self-induced E.M.F. of & coil decreases with a 
decrease in the number nf turns, and if the circuit of llic coil is 
broken before the current has time to attain its full value the 
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Bpnrk will be decreased. Henoo in commercial single phaso 
commutator motors, sparking is minimized by (a) having as 
few a number of turns per armature coil as possible, (ft) an 
increased number uf coils and peripherally narrower commutator 
segment* and brushes, {<•) as small a supply frequency as 
possible, (*J) brushes of special com position. The narrower seg¬ 
ment in (A) reduces the time during which an armature coil is 
short-circuited aud red Horn tho short-circuit current in it. 

The si ogle-phase .VC. motor possesses much iho same 
characteristics as the l AC. form, being a variable speed motor, 
giving maximum torque on starting which decreases with increase 
of speed, and is cc to armature current, but independent of 
power factor. It will tend to nice in speed on suddenly re¬ 
moving the load, Further, since the current is simultaneously 
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reversed in armature and hold, the lorquu will ho uiulir rational 
though pulsating. 

Apparatus.—An A.C. supply A, preferably a motor-driven 
alternator having a speed and field control independently 
variable between wide limits; aumictcr .A ] variable non-in- 
ductivo rheostat R\ fmpieiicy meter (/); voltmeter V with 
two two-way keys A r | A',; wall meter IF; switch S\ and siiigle- 
phn.se cnmiiiututor motor, to bo tested, of which the series field 
windings are /’and (*) tlic armature. 

Observations.— ^) Connect up as in Fig. 106, levelling and 
adjusting to zere such instruments as need it. N.B.—With a 
town’is supply for A’, the rheostat R will be needed to start up 
M slid for regulating tho current afterwards, otherwise with a 
motor alternator this may be dono by bold excitation. 

(2) With R or the alternator field rheostat full in, and the 
armature shaft damped to prevent it rotating, close S and adjust 
tho frequency f to tho normal value for the motor. Now 
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gradually raise tbo voltago until A reads tho full-load current 
of the motor, and noto tho readings of /, A, IF and V (when 
switched by A^ ff a across (sj, (Fi, and (a -J- A 1 ), giving readings 
V„ I’, and V respectively), 

(1) For F is same valuo of V and / unclamp the armature 
shaft so as to sea what all thu instruments, including tachometer 
K„ Vr and V, will read when the speed has risen to a constant 
value (whic)i must nob lxi excessive), the shaft running quite 
“ light,” 

(4) With normal frequency, and the motor running perfectly 
‘‘light,’’read all the instruments and speed at each of a series 
of voltages l' between 0, 25% above normal value. 

(5) Repeat oba, 4 with constant normal voltage and wide 
variation in frequency. 

(6) With tho normal frequency (/) and tho motor running 
light, alter 7 so as to obtain normal speed on tho tachometer, 
and note tho readings of/, A, IF, K„ Y r and V. 

(7) With this same value of spued and / load up the motor 
to about 25% above full load in some night or ten successive 
steps, noting the readings of all the instruments, tho speed 
being kept constant by raising tho voltago V. 

(8) With the motor running light at constant normal 
frequency, obtaiu the maximum safe speed allowable, note tills 
and also tho values of V, A und I Y next apply about ten 
different braking loads up to about 50% above normal, noting 
tbo values of the speed V, A aod IF at each—F and f being kept 
constant. 

Tabulate all your results as follows— 


ifoLor Tailfrt: , ■ . Tyjn .. , Matter . », We^bt , 

Pull Im4 : D.U Y, - . ► . AmpJ - . . * Volt* . 8p«ad - - . . Freqoeiaij -. . ! 
EomiU£c$ : Jkrn&tuie r A ™ Qhiu. Betim coiLs f** obmi. 
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(0) Plot the following curves— 

From oltf, 4 between voltage V as abscina® witli speed A and 
IK as ordinates. 

From obx, 5 botween frequency f os absciss® with speed A 
and IF as ordinates. 

From oba, C and 7 between loads Uy as absci.sste with values 
of 21, cos Hy and A as ordinates. 

From obs. 8 between speed as absciss® with values of 2 
and Jfy ns ordimttax. 

From obs. 8 between toiquc as absciss® and values of xperd 
and A os ordinates. 

Inferences,—State cl early all that can be deduced from tbu 
tabular rrsults and curves. 

(106) Relation between the Field Excitation 
and Armature Current, or the “V" and 
other Curves, of a Synchronous Alter¬ 
nating-Current Motor Running Light or 
at Constant B.H.P. 

Introduction.—All alternator!), whether singlo or polyphase, 
aro reversible machines, ami will nm as motors syucliiotimndy 
with tin) periodicity of the A.C, supply to their armatures, the 
hold system being in all cases supplied with a separate source of 
direct current. 

HyrichronouR motors are, however, not tdf-siariiiiy, for at every 
succeeding rapid reversal of tho A.C. supply, tho armatitio coils 
receive cijual impulse's tjut in opposite direction, and hence tliero 
is no resultant torque. If, however, tho motor is first started 
up and run by some other driving souroe of power, at such a 
speed that any armature conductor pusses through tho distance 
between tho centres of two poles {».*. the pitch) in half tho 
periodic time of the A.C. supply, then on switching it on to tho 
supply it will continue to run as an efficient A.C. motor in dead 
synchronism with the supply frequency, irrespective of load, so 
long os this is nut sufficient to pull it out of step with the supply 
current. 

A single phase synchronous motor therefore develop, an niter. 

x 
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noting armature polarity and torque which wrtttipa with til© 
rapidity of reversal of the A.C, supply, thus producing unidirec¬ 
tional rotation. On tho other hand, the currents in the pliaae 
windings of & polyphase synchronous motor combine so as to 
form a c .instant polarity of fixed position relatively to that of 
the field, so causing a nuitiireftlonal (mytie and rotation. 

Apparatus. —Sources of A.C. supply ffj to synchronous motor 
Jif, and of D.C. supply A’ a to starting motor (w) and field of Af ; 
e witch ,S'; lamp L^h»\ A.C, ammeter A, voltmeter V, wattmeter 
ll r ; D.C. ammeter a, voltmeter i\ Field ammeter <r ft rheostats 
rh and r„ switches *9/ and with stailer or main variable 
resistance (r). 



Hot*—Tlie lamps LJj^ should be stamped for a voltage, cadi 
equal or even 10% higher than that of J/j ko as to BYOul burning 
them out white synchronising. 

Observation!.—^) Connect up as shown in Fig. 107, levelling 
and adjusting to zero such instruments *w require it. On start¬ 
ing the machines, sec that their lubricating arrangements urn 
working properly. 

(2) The Synchronising or storting up of the A.C. motor under 
test can bo effected as follows: with S and A open and (/) olf, if a 
starter, or “full in,” if a variable rheostat, close and operate 
(r) ao as tu start the machines up to about tho normal speed 
of Af ; now close >Sy and adjust r, rk and r f until V indicate! the 
same voltage as that of the supply E v and tho lamps //,Z S cease 
to blink and go out definitely with a slow period. At this 
moment close S and open S m when the A.C, machine M will 
continue to run aa a synchronous A.C. motor at a apeed entirely 
governed by, and directly proportional to, the supply frequency. 
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Note.—At tbe «W« moment of closing S, the back E.M.F. 
(F) of if will be not only practically equal to, but also exactly 
opposite in phase with (»'.«, differ by 180“ from), that of tbe 
supply A',. 

The starting up may also bo effected by one of the special 
forms of synchroniser now made for tbe purposo, a. </. tbe 
rotatory typo or synchroscope of Messrs. Everett, Edgcurabe A 
(Jo., the characteristics of which arc as follows: with tho supply 
and the motor connected to tlio respective pairs of terminals 
on the synchroscope, the speed and Held of M are adjusted until 
the frequency of if = that of the supply (indicated by tbe 
rotating jwinttf coming to rent), and tho voltage of if is equal and 
opposite in phase to tlial of tbe supply (indicated by the pointer 
taking the vertical position); under these conditions, the dial will 
show a white light and S can be closed. Brielly, therefore, 
close main snitch when painter slops vertimllij and whits light 
shows. If if is running too fast, the pointer rotates clockwise 
and a red light allows, whercaa if it is running too slow, the 
pointer rotates counter-clockwiso mil a green light shows. 

Two- and three-phase machines are aynchronised by the same 
single phase instrument with its 3 pairs of terminals connected 
across any one phase, cither aide of the main switch contacts 
of tliat particular phase. With tire motor If under test running 
synchronously with tho A.C. supply, tbe following very interesting 
end important investigations can bo made, namely— 

(3) With Sn open and r and rh “full in," M will (unless 
coupled to and released from »i by an elcctro-magnetio clutch) 
simply bo turning it against the Bmall windage, brush, and 
bearing frictions, and will therefore practically bo running light 
itself. For this no-load condition at normal supply frequency 
and voltage adjust r t to obtain minimum reading on A , and note 
simultaneously that of F, IF, a, and the apeed. 

(I) Next vary and hence tho exciting current (<*,), by a 
scries of steps, above and below the value found in obs. 3, os will 
raise A to a value not exceeding 25% suer load, in each case 
noting V, IF, a fl A and the speed at each excitation. The supply 
voltage y and frequency being kept constant throughout at the 
value of obs. 3. 

(5) Itepeat oba 3 and 4 for constant B.H.P. load outputs 
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from M of any }* J, J and full load respectively at tJ* semi 
cmislant supply volts aud frequency, taking that value of aj 
giving wurtimam main current A as tho starting point of the 
“up and down scries” of {«J. 

Bote.- -ITifl brake load can most conveniently bo taken up 
electrically in tho coupled D.C. starting motor m by causing it 
to act us a D.C. generator ami send current through a suitable 
current rheostat to be connected in series with a switch {neither 
shown in Fig. 107) across the points V and Q. Jn this case (r) 
must bo short-circuited awl special precaution taken to keep S„ 
open. 

The product v.a — the power absorbed in the added rheostat, 
and, if the efficiency of M is known, tho actual developed 

by if is at once obtainable, other wise with cun a tint excitation 
of (m), tho power absorbed by it will be roughly gc to tho 
currents («) developed, and therefore to the B.ILP. given by 21, 
Tabulate all results as follows— 

Bjmeftronoui Motor: K». . .. MiUr .., Typo , , , 

Foil load (no rani); B.H.F. - . . . with Arnpi. , , . VfllU, »n<] Rpred m r,p,iD, 

D.C. BUrljJK Muter Foil EuiU Atnpa. — . • . Volt*. Speed 

EIRcttwy 2 m &t*»* kwl. 
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(G) Plot curves for running light ami for each load on II 
having (1) amps A, (2) power facLor (cos <£), and (3) watts If 
as ordinates with exciting current (.■*,) as abscissae in each case. 

Inferences.—From a careful study of the shapes of the curves 
and of tho tabular results, state what can be deduced. 
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from M of say }* J, J anti full load respectively at tin mmt 
constant supply volts aud frequency, takiDg that value of o } 
giving wu'rtimiMtt main current A as tho starting point of the 
“up and down scries” of {a,). 

Bote.- -The brake load can most conveniently bo taken up 
electrically in tho coupled D.C. starting motor m by causing it 
to act as a D.C. generator and send current through a suitable 
current rheostat to be connected in series with a switch {neither 
shown in Fig. 107) across the points P and Q. Jn this case (r) 
must bo short-circuited and special precaution to keep S „ 
open. 

The product v. a — the power absorbed in the milled rheostat, 
and, if the efficiency of M is known, tho actual B.HLF. developed 
by if is at once obtainable, other wise with cun a tint excitation 
of (fit), tlio power absorbed by it will be roughly gc to tho 
currents («) developed, and therefore to the B.1I.P. given by M, 
Tubulate all results as fol lows— 

BrocfartKioui Molar: K». . .. Miter.., Typo , , , 

Fall load (norm!); B.U.r. ± , wjlli Arnp*. ■ , . YfllU, and Speed * r,p,ia, 

D.C. BUrldJK Muter Fall IujU Amp*.«... Volt*.. Speed 
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(G) Plot curves for running light ami for each load on M 
having (1) amps jl, (2) power facLor (cos ^), and (3) watts W 
as ordinates with exciting current (.'*,) an abscissae in each coon. 

Inferences.—Prom a careful study of the shapes of the curves 
and of tho tabular results, state what can be deduced. 
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(107) Efficiency and B.H.P., with other Char¬ 
acteristics, of a Synchronous Motor run 
from a Constant Voltage and Frequency 
Supply at Constant Excitation. 

Introduction.—Iu view of ilio peculiar relations existing 
between tho excitation and other factors as determined in tho 
last test> and the use of tho synchronous machine for raising 
the average working power factor of a supply system, it U both 
interesting and important to see what idlest load has on the 
buiic Victors. This is apparent whoa determining the cGicioncy' 
load our to of tho machine in the present test 

Apparatus.—Preewly that for teat, No. 10G, 

Ob wryation*. 1 —Carry out obs, 1, 2, and 3 of leal, No. 10i>, 
exactly os stated. 

(4} With the sttpjaljf vohtuje Vntulfw/uencifftafk Icpt cmslant 
at tho normal value for the motor Af y and with tho tjrikUitm (a,) 
fopt constant at tho value Doled in obs. 3 (namely that giving 
minimntn armature current A), take a series of brake load* on Si 
rising by alient equal amounts up to about 25% over load, 
no ling tho readings of V, IP, A speed, and output factors at 
cadi loud. 

Note.—As the heating of a machine is llio factor limiting llio 
maximum safe output, it is desirable to osthnato tho brake 
loading by roughly equal amounts of main current A up to about 
25%, or oven B0%, over load if kept on only a few minutes, 
calculating and Liking the IV ll.P. corresponding to such ament 
values, The method of hauling the motor J/ may lnj that 
indicated in llio Note, obti. 5, test No, 106. 

( 0 ) Repeat ohs. 4 for two or throe iiigher—and two ur tlniu 
lower —constant values of excitation (r^) than that usesl iu ohs. 4 
above, which gnvo minimum lalue of A, and tabulate as jaw 
sdiedulo shown on page 303, but adding ono extra column 

for efficiency (= ??of M at oath load, 

\ JC.U.P, absorbed/ 

(0) Plot the following curves, namely, huving in every case 
13.U.P. outputs as abscissae with (l) efficiency, (2) arnp'aw A, 
(3) watts IP, or E.1LP. absorbed, and (1) cog oa ordinates 
respectively. 
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Inferences.—From n careful study of the figures end aJeo of 
the shape and relative dispositions of the curves, state what can 
bo deduced. 

Relations between the Supply Factors of an 
Alternating Current and the Constants of 
the Circuits supplied. 

General Remarks. -Every electrical circuit possesses throe 
distinct qualities, namely— 

(i) Electrical—or ohiuic resistance, depending on the length, 
sectional area and material of which it is made. 

(ii) Electrical—or electrostatic capacity, depending on the 
length, surface, form and the specific inductive.capacity of the 
surrounding dielectric, 

(iii) Electrical—or Eelf-iuductauce, depending en the shape, 
form and magnetic permeability of the surrounding conducting 
material. 

All of these qualities are always present in every circuit what- 
soever, but it may happen that one or more of them ore bo small 
as to be negligible from a practical point of view. Thus we are 
accustomed to speak of some special circuit as possessing only 
one of them, any two, or all three of them at once. It is often 
of the utmost importance to know the nature of a circuit, with 
roferonce to tbo above qualities, when alternating currents are 
employed, for tho presence of ono or more of them in such a 
circuit may bo very troublesome or may he a necessity according 
to circumstances. Theory dictates ttiat variation in the period¬ 
icity of the alternating supply causes, ill some cases, a ronsidor- 
able change in the working results of a circuit, and it in with a 
view to clearly elucidating tho effects of variation of frequency on 
circuits in which one or more of those qualities predominate that 
the following tests have been devised, and also of determining 
how such variations affect the powor absorbed in the circuit, and 
aleo the corresponding variation of temperature (if auy). In all 
coses the power is to lie measured by n Wattmeter as nearly non- 
ijulucttve as it is possible to Ivive it, for it will thou give a Unit 
measure of the powor absorbed. The results to be expected, as 
dictated by theoretical considerations, ore an follows— 
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Let A = Jmmn sq. value of current in amperes Cowing in the 
circuit. 


Y = Jnoaji sq. „ ,, voltigo acting on tho circuit. 

Ji - ohmic resistance of the circuit. 

L = its self-induction in hoimos, 

C ~ its electrostatic capacity in farads or C x 10® inicio- 
fiirsuln. 

p - tho angular velocity of the alternating supply ^2 t x 
frequency. 

Then wd Iiavc fur circuit possessing— 

_ , V 

R only :—A - 


and tho current is in plioso with the voltago. 

B 7 

Raiul L only (in aeries):— A =» - -- - 

V (Ay.)- + Ji* 

the current now hvjijiiuj in phase belliud the voltage by an angle 
0 such that tan. 0 ** 


B and G only (in scries) :— A = 


m 




lho current now ktulintj in phase in ailvancn of ll.o voltago by an 

angle 9 such that tan. 6 => —!—. 

UpH 

Y 

B, 1, ami C (in scries) ;--/! = j / _ j/y + £ 

\\ 1 Of) 

where L predominates over (J 3 the current now logging in phase 

r 1 

it\) - 

behind the voltage by an angle 0 such that tun. 0 = _ 

U 

whore C predominates over L, the current leads in phase in front 
of the voltage by an angle 0 and the la^t two relations become-'* 

y ..... n _ 1 
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C (only)A —j--^K p 


t'P 


tho current now being 90' in phase in advance of the voltage. 
L (only) i- 


. A y 

L V 


the current lagging 90* in phase behind the voltage. 

V 

— Impcdic Resistance. 

A 

Tho radical denominators in the three expressions for A are 
termed tho apparent or efftclm rw&ftmws of tho circuit con¬ 
taining tlioso particular qualities, though ono of these, natucly 
s lIff 1 4- A!*, is very generally tenned tlio impedance of tho 

circuit. The terms I.p, and (Ip -^ nro called tho 

Ip, \ Ip/ 

reactances or reactive resistances of the circuit, and when multi¬ 
plied by the current giro tho reactance voltage. The phase 
relations nro shown by tho vector diagram ODD, Fig. 108, and 


D 



if each voltage is by tho current wo shall got a proportionate 
Scalar diagram (r. e. without arrows) in which 01) = apparent 
resistance, OB = ohmic resistance, and DD — reactance or in¬ 
ductive resistance, while OA — tho current. It will now be 
obvious that if tho ohmic resistance is extrcmoly small (for it 
cannot be aero) tho impedance hecomes — the rcuctanco, but 
when tho ohmic resistance is large, tho impedance is affected by 
it considerably. Again, situ* tho term for reactance contains 
pn2»X frequency, it is directly ac to frequency, while ohmic 
resistance is independent of frequency. 
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Further, impedance dopeuds on the remaining component 
footer, namely, self induction, which latter in moat cases is due 
to a coiled circuit surrounding iron. Now, tho solttnduotion of 
a circuit depends on tho linkage of turns with magnetic field, in¬ 
creasing directly with tho latter and with the square of the former. 
Thus it dcjjends on the current, which in turn decides the degree 
of magnetic suturation of the core. The self-induction of the 
armature of un ultomutor is really only an average of several 
values obtained for different positions of tho armature coils 
relatively to the field poles, and it affects tho “ wave form 1 ' of the 
voltage generated. iJinoe tho self-induction L is dii’cctly ct to 
the nicun ]>ermoibility (/;) of the magnetic circuit, it follows that 
in cases whero R is small compared with tho Lp t tho impedance 
will vary nearly tn direct proportion to p, consequently a curve 
between impedance and euirentwilL approximate to the orthodox 
permeability cur re of the coro. 

On the other hand, with a low resistance winding, the vollogo 
absorbed in it, due to the term AR, ia so small that the voltage 
at tho terminals ia practically that duo to self induction only, 
and hence directly or. to the core flux. Thus a curve between 
terminal voltage and current will have tho shape of that part of 
tho magnetization curve between tho origin and "knee, 5 ' tb© 
higher pai-ts of tho curve being absent owing to the low degree 
of magnetic saturation used in tho cores of A.C. plant. 

Turning now to considerations relative to capacity, tho funda¬ 
mental definition of an electrical condenser being that of two 
conductors (called tho coatings), separated by an insulator (culled 
tho dielectric), it follows that on connecting tlio coalings to a 
source of E M.F., positive and negative quantities of electricity 
will flow on to them in raising them to tho mmo difference of 
{Mjtentinl as that of the source. Tho attraction between these 
two quantities sots up a corresponding stress in the dielectric 
and causes them to remain “bound " after tho charging source 
is removed, Tho charge of tho condonsor ia measured in 
coulombs, and ia tho quantity Q (which = the current ia amps X 
time of flow in eoconds) necessary to Taise tho voltage between 
the coatings to the value V of tho source. Thus, if C denotes 
the capacity of the condenser, wo have $ = C V, or the capacity 

C ^ y = a constant for any condenser and for all charging 
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currents as distinguished from the self-induction of & coiled 
circuit which is not constant, when containing magnetic material, 
but varies with tho magnetic saturation of tho core, and hcnco 
with the current. If the source of KM.K is an alternating one, 
the state of :hnrgo of the condenser will follow exactly tho 
change of >x>ltagc, reaching «-f '* ami — " maximum, each onco 
iu every period of iho supply. While, therefore, tho current 
flowing in an A.C. circuit containing a condenser is actually a 
chary* and ifitchurye cuirsnt qUwHtileli/, ami duos not How con¬ 
tinuously through, owing to tlic impassable diolcctric insulation, 
an A.C. ammeter placed in the same circuit, by its steady reading 
and inability to follow the rapid pulsations of current, makes 
it appear as if the current j tolly passed through the condenser, 
though it does not do bo. 

Again, the internal or ohmic resistance of a self-inductance 
affects the corresponding impedance, while the internal resistance 
of a given condenser has no such effect on the corresponding 
impctlaace. From the relation already given for tho current in 
amperes A — CpV-- 10 s , where C = tlio capacity in microfarad)* 
and V = terminal pressure in volts, it will be Bren that at the 
smaller pressures of 100 lolls or so at nlwnt 50 - per sec., a 
considerable value of (<■) will be needed to give an appreciable 
current. Since, therefore, the capacity available is usually well 
under 110 mfd.a, only n small current will result. In this case, 
care should be taken that tho votlmeter used does not affect 
the mirage across the points between which it is applied, a 
condition fulfilled by tho use of an electrostatic voltmeter. 

Tho tests which immediately follow lira arranged to show tho 
variation of the quantities indicated with the factors composing 
them, only ono of which must be varied ul a time in order to 
teat its influence on the main quantity. 


(108) Determination of whether a Resistance 
is truly Non-Inductive at any Frequency 
and Current. 

Introduction.—As in nearly all laboratories there is usually 
a shortage of rheostats, more particularly thoso of a nou-imluc- 
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tive nature, which are essential in the majority of A.C. teste, the 
present determination ia both instructive and useful. 

It is obvious that any inductive resistance must possess some 
ohmic resistance, whilo a so culled ohmic resistance usually 
exhibit* wme slight inductivcnru. Carbon plate, liquid and 
glow-lamp rheostats aro usually taken to be non-inductive fur all 
practical purposes, which they are, especially the two first named. 
Since carbon filament lamps arc usually employed in lump 
rheosiuts in pure parallel combinations, the inductive ness of quo 
lamp with ils filament of one or more turns is finito though very 
small, and hctico that Of any combination is still smaller and 
practically nil. 

Liquid rheostats usually consist of two or more metal plates 
dipping into a container of water, tlio conductivity of which is 
increased to any denied extent by the addition of a little 
common -washing soda nr aluminium sulphate. Nuch rheostats 
arc undoubtedly 1m convenient than the caibon or lamp ty[>e*, 
ltecauac, id though electrolytic action with A.C, is negligible, they 
froth and alter in resistance consider ably with rise of temp¬ 
erature, duo to the absolution of the power in them. 

AVire wound rheostats, whetlior composed of wire spirals 
wound in. a continuous spiral or mm-itiduclively, are usually 
prominent in most test rooms. How far such rheostats, whether 
wound with high-resistance alloys (usually nonmagnetic) or with 
iron (which is highly magnetic) arc non inductive, is the object 
of tin; present investigation. With the former, iho self induc¬ 
tion would bo constant for all current <tensities, but would vary 
with tho frequency. Further, tlio effective or apparent resist¬ 
ance increases for iucrease of cross-sectional area of wire with 
alternating current, ami the self-induction varies as the (number 
of turns) 2 x sectional area of spiral — leugth of spiral. 

Apparatus —Alternator I), capable of being driven at a wide 
range of speeds, so as to obtain a corresponding range of 
frequency at cotmlaut voltage V by varying the exciting circuit 
(not fdmwn); Siomcns electro dynamometer, hot wire or other 
A.C. ammeter A unaffected by frequency] electrostatic volt¬ 
meter V) mm-inductivo wattmeter W\ switch A', and resistance 
It to be tested. 

ObiGrvftthtfU.—(1) Connect m iu Fig. 100, and adjust all tho 
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instruments to zero. Then 
start J), seeing that the 
lubricating arrangements feed 
properly. 

(2) By field regulation ad¬ 
just tlio voltage V across the 
terminals of R, that a con¬ 
venient current flews through it as indicated by A . 

(3) Obtain about ten or twelve different speeds of It from the 
smallest to the largest practicable! ami safe, varying the ex¬ 
citation so os to keep A constant throughout. Koto simul¬ 
taneously the readings of A, V, IF ami speed. 

(4) 'With the spool, and hence the frequency adjusted to some 
convenient vnlue to be kept constant, vary the voltage by field 
regulation so as to obtain 8 or 10 different currents through U 
between 0 and maximum safe valuo, noting tlio readings of 
A, V, IF, and speed at ench, and tabulate your results as 
follows— 

N,ui... n»n ... 

Alternator; Tcilwli jar Revolution X a . ItabUntt /{■*.«. oliiuv 

CtNutnnli: W.itlnwUi *». , atri A » , . . Nature of HcsistAiwe R a . 


(5) Plot curvw having values of F and a d as absuiRSf 1 fri each 

y 

case 1 , And V, cos 6, and — as ordinate*. 

a 4 

Inferences. —State clcArly all that you can deduce from your 
experimental result! and your curves. 
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(109) Measurement of Power Factor in Alter¬ 
nating Current Circuits. 

Introduction.—Alternating-current ammeters and voltmeters 
measure the mean or average valuo of the current or voltage in 
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an A.C, circuity and the product of their readings is, therefore, 
the product of two in can values. If the circuit is non-inductive, 
this product of tho mean or average values is tho tme mean or 
average value of tho power in watts given to the circuit If the 
circuit is inductive and possessor self-induction or capacity or 
Imth, the above product doeB not givo tho true mean power, but 
only what is commonly called tho volt-amperes of appweni juicer 
in watts. The true mean or average power in this cose is given 
by tho mean or average value of the product (amperes X volts) 
in tho circuit, for ihs mean product of tico periodic functions 
vcj/ifiacntimj current and pressure is nut tipud to tin product of 
their mean values. 

Now, tho mean value of tho product, which thus represents 
the tnte jwwei' in watts, can bo measured directly by a watt¬ 
meter, aud tlic ratio 

true power in watts wattmeter reading 
apparent power in watts ^ amps, X volts 
is called the ysneer factor of the circuit, which in practice can 
vary only between the two extreme values 0 and 1. 

This limiting variation, together with the differ¬ 
ence observed buLwocu tho true arid apparent 
power in watts in an mductivo circuit, is explained 
by tho fact that the current and voltage in such 
a circuit are not in phase, as will be understood 
by a reference to tho so-called vector diagram 
(Fig. 110). Let tho voltmeter reading bo repre* 
sented in magnitude (on some convenient scale) 
by the length of a straight line 0 Tand tho direction 
of action of the pressure or voltage by tho arrow head, t. e. from 
0 toV 

Thus OY is the voltage vector. Similarly let OA be tho 
current vector for the ammeter reading, differing in phase from 
0 V by an angle <£. 

Now OA can bo resolved into two component currents at 
right Diiglcs to one another—tho ono Ou in lino with OV t the 
other {Ob) at light angles to it, Then On is called the useful 
energy- or loatl-wrrcnt, and Ob tho useless-, idle-, or waUles** 
current, connected solely with the periodic charge and discharge 
of energy in the circuit due to its inductance OaA w therefore 



Fic, 110. 
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a triangle tit currents for tire inductive circuit in which OA 
is the resultant (or ammeter current) ol two other current* 
namrly, an energy current On ami an idle current a A always 
differing til phase liy 90'’. Then tile product of tho ammeter 
owl voltmeter readings — OA X OV = the apparent watts, tho 
wattmeter will give a reading = OV X Oa — tho true, or useful, 
watts, while the wattless power will lie given by Or X 04 
watts, which does no irork in tlie circuit. 

Thus from the geometry of tho figure we have tlio ratio 

true watts _ OV x On _ On 

apparent watts OI'X OA OA 
— ras ^ — (fa power fador of tlio circuit. 

Although obtainable in other ways (vide p. 931), this am¬ 
meter, voltmeter, wattmeter method is by far the best and most 
direct one fur measuring power factor, and is almost invariably 
employed, 

Tbe evaluation of the power factor oos £ in tlie case of single-, 
two-, and threephase A.C, inductive circuits, by this direct 
method, is given on p 388 c( teq , and in tlie following test we 
shall restrict ourselves to single-phase circuits. 

Apparatus.—Precisely that detailed for test No. Ill, 

Observations.—(1) Connect up as in Pig. 112, levelling and 
adjusting to sera such instruments as need it. Tlio extremities 
T i T i of the combination of C and r arc the terminals of tlio 
circuit of which the power factor (FT.) is required. As, how¬ 
ever, it is sometimes necessary in A.C. testing work to obtain 
either an electrical load at varying P.F. or a variable load at 
constant P.F. with a choker and resistance, it is both useful and 
instructive to determine the effect on the value of the P.F. of 
changing (A) tlie ohmic resistance, (13) tlio inductance (whether 
by change in current stiCDgth or in disposition of magnetic 
circuit), and (C) the frequency —one at a time. 

(2) A.—Note tho readings of all the instruments, for each 
position of the two-way key A‘, for some eight different values 
of (r)—tho frequency F and current A being kept constant 
throughout. 

(3) it.—Note the readings of all tho instruments, for each 
position of tho two-way key A", for some eight different values 
of current A, covering the range of current utility of tlie oircuil 
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of appliance in use—the frequency F and resistance r being 
kept constant throughout. 

(4) C.—Noto the readings of all tho instrument* for each 
pusithm of the two-way koy AT, for some eight different values 
of frequency F —the resistance r niul current being kept constant 
throughout. 

Tabulate all your results ns follows—■ 


Cull (Q i-T/nRtli ■ . JZm. cf turni ■ . . KdiisUnro (SJ = , , , climi 

Cun: . Section'. <=• , , 

Nfin-linliirliii'o Ito-.JstflfiC'a [j): Xilnii’. , , 


Illume Jti-Hl'Unni'r 
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(">) Plot curves lming value* of power factor - ^ an ordinates, 

witli values of Ilf in ol.-s. 2; current A in oils. 3; and frequency 
F in uYis. •! — respectively as aWissa) in eauli case. 

Inference!.—Stale clearly all that can Ihs deduced from the 
tables of results and the curve*. 

(iio) Determination of the Effect of Fre¬ 
quency on the temperature of a given 
Circuit containing Self-Induction and Ohmic 
Resistance, only. 

Introduction.—The present test is devised with fi view to 
ascertaining whether change of frequency materially alters the 
temperature of any appliance possessing sd Undue! ion and 
ohmic resistance, and for tho success of tho investigation the 
coils of the appliance usod should have a low ohmic resistance, 
so tlmt transference of lie.it due to the term CPR to tho core iu 
which any alteration of temperature is to bo observed, may bo 
as small as possible. 
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Apparatus—Alternator D capable of having its speed varied 
between wide limits, and whose 
y/ I voltnga can bo regulated by the 

/^\D S3 exciting circuit (not shown); am- 

f Q J motor A (Fig, 2Dl)j hollow solenoid 

\2^S V (7 to test, having & bundle of fine 

/ /T\ soft iron who3, smaller than the 

internal hollow, to allow of a thcr- 
„ mometcr boiug inserted as well n9 

r “ ln ' the bundle. 

Observations.—(1) Connect up ns in Fig.ill,and insert the 
core and thonnomoter in the solenoid, covering up the ends with 
cottonwool to prevent external cooling effects duo to the air, etc. 
Note the temperature when, steady. 

(2) Adjust the speed and excitation of D bo tluit the frequency 
has the lowest value practicable, and tha current A some con* 
venient value not high enough to heat the coils much, 

(3) Tho speed and enrreut A being kept constant, take the 
temperature T* on the thermometer at successive noted intervals 
of time (t) from switching on until it remains constant, and 
note also the temperature of the room at intervals. 

(4) Repeat 2 and 3 for tho maximum speed allowable, and for 
one intermediate between this and the first-named, the core 
halving been allowed to cool down in between each distinot set 
of observations, and tliB current A boiug the same. Tabulate 
your resuite as follows— 


Nrinit of Coil letilal , . . Para ot Own .,. 

fortaU of iltonmtor per Hovo). K * . . , 

*<**• 

lw Cm £ r „ l,t * rt 1 ‘* r ™ n - XX 

rc. * - «• 


(5) Plot a curve for each frequency on the same shoot, having 
temperatures T* C. as ordinates, and (l) minutes as abensure, 
Inferences. —Wliat can you infer from your experimental 
results and the curves! 
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(ill) Variation of Impedance with {«) Self- 
Induction, (i) Frequency, and (<r) Ohmic 
Resistance in Circuits having Self-Induc¬ 
tion and Ohmic Resistance only in Series. 

Introduction.—In tliis test it will le necessary to vary ono 
factor only at a time, keeping tin: remaining two constant. It 
should also bo remembered that, ns the coefficient of self- 
induction of any coiled circuit is tho number of lines of force 
linked with it when unit current flows through it, any ebanga 
iu the current will alter the permeability of the magnetic jaith 
when this is composed partly or wholly of magnetic material, 
ami hence also the self-induction. With an air core the self- 



induction will be con slant fur ali viili.es ui current. The variation 
of imbalance and soil-induction of an iron cored solenoid with 
the position of the core li&s already been investigated in test 
Ho. 118, and the present determination can bo conveniently 
made for lixnd positions of the core 1‘ (Fig. 123). 

Apparatus.—Nnuico of A.C. supply E, preferably a motor- 
driven alternator, the excitation and Bpced of which are inde¬ 
pendently variable within wide limits; switch ,S'; frequency 
meter I’; ammeter A; voltmeter V ; wattmeter 11; two-way 
key K; two non-inductive variable rheostats and r (r.g. banks 
of lamp or carbon-plate rheostats); solonoidnl choker C with 
movable iron core. 

Hote.— R 1 ia needed (only if tho supply E is front town mains) 
for keeping the current A constant, as r is varied. 7^7’, are 
to be taken as the terminals of the impedance. 

T 
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OtaerrationS.—(rt) Impedance with Self-induction at Constant 
Frequency rrad Ohmic Resietnnce. 

(1) Connect up as in Fig. Hi, levelling aud adjusting such 
instruments to zero as need it. Start the alternator with field 
regulator “*ti 11 in,” and ecu lluit the lubricating arrangemeoti 
are working properly. 

Note.—Tho following tests, Noa 2 and 3, can he made on 
a public A.G eupply instead, if desired. 

(2) With tho coro P clamped centrally in tlie coil C, and the 
speed adjusted to give a frequency F (= no. pairs of polos 
X revs, per min. CO) of 30 ~ per sec., closo S, and by Held 
regulation obtain somo eight different currents on A, rising by 
about equal increments from 0 to the maximum safe value for 
the coil C t and note the readings of F\ A, W and V at each, the 
frequency F and resistance v Wing constant throughout. 

(3) Readjust the Jicld regulator to “full in,” and with tho 
core P removed altogether, repeat 2 for the same constant 
frequency and range of currents. 

(6) Impedance Fwptency for Cumin at Self induction mid 
Ohmic Paint rim. 

(4) Fulfil obs. 1 alwro; a ramble speed allomator now being 
a necessity. 

(5) 'With r cliun|)cd centrally, adjust tho speed and conse¬ 
quently tho frequency /’ to tlie lowest convenient value, and the 
current A (by field regulation) to, say, Imlf the maximum value 
for tho coil, to avoid much change of ohmic resistance by 
heating. Note the leadings of F t A , IK and V at each of some 
eight different values of F between the lowest and highest 
convenient, obtained by speed regulations, the above value of 

A being kept constant throughout by field regulation. 

(6) Repeat 3 with the core removed altogether, and for tho 
same constant curivut, and tabulate all tho results of obs 2 to 6, 
as shown. 

(c) Impedance with Ohmic Resistance for constant Self-induction 
and Frequency. 

(7) With tlie core of C clamped centrally and a constant 
frequency F of, say, 50 ^ per hoc. adjust the current A to 
about half the maximum safe value for C (to minimize beating) 
and keep it constant throughout (by varying R : with town 
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supply for E Or by field regulation with an expcrimonlnl alter, 
nntor for E) for some eight different values of r botweon 0 and 
Ihe higliest convenient, noting at each the readings of F, A, IK 
and V, when the latter is connected by K across T v T t and r 
respectively, 

(8) Repeat (7) with the core of C removed altogether for the 
same current and frequency, and tabulate as follows— 


Goal (<?): LoiifiUi* ■ ■ . No. of ljins— . . , RoiltEance (/T) — obmt. 
(Jot*. Lentil* — ... Bwtlun- 

NoB-lnduellv* IUfUlsTiet (r) : Nittir^ ... y « J r f ■>»... 
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(0) From obs. 2 and 3 plot curves having values of impedance, 
as ordinates, with values of A, L, and Zy> os abseissrc in each 
rase; also between Kami L as ordinates and A as abscissas. 

From obs. 5 and 6 plot curves having values of impedance, as 
ordinate^ with values of F and (Zp) as abscissre. 

From obs. 7 and 8 plot curves between impedance os ordinates 
and R r as abscissa'. 

Inferences.—From a careful study of the tablos of results and 
forms of curves state clearly all that cun he inferred thorefrom. 

(i 12) Numerical and Phase Relations between 
the Voltages and between Voltage and 
Current in Circuits containing Capacity 
only and when in Series with Ohmic 
Resistance. 

Introduction. —The numerical relations between the various 
voltages in a circuit finch as is now under consideration, scorn ab 
first sight to be so impossible that it is necessary to consider 
them in relation to phase. This con bo done by a rcforenco to 
the vector diagram (Fig* 113). In this, the total or rmdtant 
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voltage, ns indicated on ttio ammeter A, is set off in magnitude 
and direction = OD. Tho energy volteige or olirnio drop OG is 
Set off at an angle <£,, ill advance of 01), while GI) will be tlio 
condonsor, idle, or reaeltvt voltage in magnitude and direction. 

Comparing this with Fig. 108 for a self-inductive circuit, wo 
see that capacity causes the current and its vector 0A l tu lead 
in front of the voltago OJ) by an angle <jq, instead of to log 
behind as shown in Fig. 108 fur self-inductive circuits, both 
diagrams being supjosed to rotate about Cl in tbo - direction 
(euimtcralockwisc). The angles It and G being right angles, lio 
(by geometry) on a semicircle, which is consequently the loci of 
the point of intersection of the energy and reactive voltages 
(which always differ' by 30° in plmsej between tlioir limiting 



values of resistance 7? and capacity C respectively, namely, that 
of 11 — maximum with C = 0, for which c£. - - 0, OG = Of), 
and Gl) = 0 ; and that of ft — 0 with C — maximum, for which 
= 90°, Gl) — Of), ami OG= 0. If for the triangle of volt- 
ages 0G1) we divide each of the voltages by the currant A v 
the sides will represent the corresponding resistances in circuit, 
while the voltage vectors, as given if divided by these resist¬ 
ances respectively, will give the triangle uf currents. Tho idle 
or wattless current equals A l sin ,f, v and the energy current 
equals Aj cos <f> v 

Apparatus.—Source of A.C. supply E of, say, constant fre¬ 
quency, such os town mains; switch N\ variable non-inductive 
resistances r and A; ammeter A; electrostatic voltmeter V ; 
two two-way keys A,A ',; condenser 0, 

Observations.—(!) Connect up as in Fig. 114, levelling and 
adjusting to seco A and V, if necessary, 

(2) With ft adjusted to 0 close S, and by varying E obtain 
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some sir or eight values of current A. rising by about equal 
increments from 0 to the maximum possible, noting the values 
of }’], ]' s , and on Pby means of Aj and A,, 



Fie. 1». 


ITote.—A convenient form of non-inductivo resistance to uso 
for II would bo nil 8 C.P., 16 C.P., a.ml 33 C.I 1 . glow-lump, ooeh 
of the uama voltage ns that uf the supply, and arranged 60 as 
to bo paralleled in any combination, thus giving seven passible 
different resistances of wide range. Tabulate your results as 
follows— 


capnrltrsiot' Trptmil Natcr ... Vtlho =. . . , infdr. 

Ko> -.ul Ues utrd: Utter. . . , Frr-r Tigr Cna-tJnTJ^ — , . , are. 


VvUftjn.irrnM 

Ain I*. 
A, 

n<r»i*lmicf 

if - l \ 

A 

Hujipiy 

.1 
£3 . 
SfisC 

Ii 

“1 

|l| 

g=S „ 

si>- 
8 J? 

y.= i 

V 



1 



(.1) Plot curves having valuos of V v as ordinates, with and 
C as abseissrc respectively. Also between cos <j> and impedance, 
as ordinate, with values of It as alrscirusa'. Compare l* 3 with the 
algebra icul sum (1’, -j 1’-). 

Inferences.—State dearly all tlnst can be deduced from your 
results, 
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(113) Variation of Impedance with {a) 
Capacity, (£) Frequency, and (c) Ohmic 
Resistance in Circuits having* Capacity 
and Ohmic Resistance only in Series, 

Introduction.—'While tho term impedance is applied almost 
universally to denote the apparent lusistanco of an alternating 
current circuit containing self induction and ohmic resistance 
only, it is also used here to denote tho expression ■/ lj(.'Y + l£* 
for the apparent resistance of an A.C. circuit having capacity (C) 
and ohmic resistance (11) only, the angular velocity p of the 
current being — ‘It X frequency. As therefore it contains three 
variable factors, it will bo necessary to vary ono only at a time, 
keeping the remaining two constant. 

AVhen C and p aro respectively the variables, wo may make 
0 and determine the effect of each on tho remaining term, 

. ' *- x_ .1, called tho reactance or reuelivo resistance of the 
V CY Cp 
circuit. 

Apparatus —Source A’ nf A.C. supply, preferably a motor- 
driven alternator, the speed and voltage of which can he varied 



within wide limits; Ammeter A ; voltmeter Vj wattmeter IT; 
frequency meter F ; switch S', variable capacity C ; variable 
non-inductive resistance rj two-way key K; variable non-in¬ 
ductive rheostat /f, (only needed if A’ is town mains). 

Observation*—(a) Impedance with Capacity at Comtunt 
Frequency and Ohmic Resistance. 
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(1) Connect up as in Fig, 115, levelling ami adjusting to zero 
such instruments an need it. Start tlio alternator with field 
regulator u full in,” and see that all lubricating arrangement* 
in ueo are working property, 

(2) With the alternator up to maximum speed, ami therefore 
giving maximum frequency F (= No. of pairs of poles X rev. per 
min. — 60), close 5, and adjust 0 to some stx or eight different 
capacities, rising by about equal increments from the smallest to 
largest available, noting the reading of F t A, C and of W and V 
cm /TjA'j at cmnlant frequency F and r eaistunce (r), 

(3) With r = 0 repeat obs. 2 for the same values of £7, noting 
TP and V on K v in addition to F t A t C\ for tlio same constant 
frequency. 

(6) fmptthtnce with Frequency for Constant CaqmfUy uni 0funic 
AW ivtaiw. 

(4) A variable speed alternator being available, make V a 
maximum and give r so mo convenient fixed value. Now read 
oil tho instrum ruts for both positions of K at each of some 
six or eight frequencies differing by about equal amounts 
between tlm maximum and mini mum values obtainable by speed 
K'gulation. 

(5) With r -= 0 repeat obs. 1 for tlm same constant value of 
C and rungo of frequencies. 

(r) Iwjwlance with Ohmic Reliance far Courtaii* Capacity 
awl Frequency. 

(6) (live 0 and the frequency their maximum possible values, 
and take tlio readings of all the instruments with K on studs 
1 and 2 for some six or eight values of r, differing by about 
equal amounts between maximum aud zero values. 

Tabulate all your 1 twills as fed lows (where p = 2ir/)— 


iiu^ 

tk 

$k 


u k , 

,n 

X" l 

si 
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(7) From ol». 2 and 3 plot curves having values of impedance 
^1'J, reactance J- and amp*. A as ordinates with values of 
capacity C as uWissw, 

V 1 

From obs. 4 and 5 plot —, — and A as ordinates with 
A Cjj 


frequency (/) OS atmeissa?, and from obs. 0 plot 


V -r as ordinates 
A 


with ohmic resistance (r) ns abscissa 1 . 

Infomcei.—State clearly all that can bo deduced from the 
above results. 


(114) Variation of Impedance with (a) Self- 
induction, (3) Capacity, (t) Ohmic Re¬ 
sistance, (rf) Frequency in Circuits having 
Characteristics a, b and c in Series. 

Introduction.—It lias Icen stated that self-induction L causes 
the current to lag behind the voltage, while capacity C causes it 
to lead in front of the voltage. A circuit possessing both l and 
C may therefore cause the current to lag behind, lead in front of, 
or be in phase with, the voltage, depending on the relative mag¬ 



nitudes of L and C for a given ohmic resistance and frequency. 
£acb of the two lest named will in turn affect such phase rela¬ 
tions, and hence in the present invest igation wc have four possible 
variables composing tho impedann or “apparent” resistance 
of tho circuit, only one of which must bo varied at a time with 
the remaining three kept constant. 
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Tho phase difference between current end veil ego will be less 
than that which would be caused by tbe same value of either 
h or C alone, and, a? stated above, may even be zero. Tile 
above remark* will bo better understood by a reference to 
Figs, 116 and 117. 

Let OA be a vector representing, in magnitude and direction, 
II ie current A. Set off 06 = the volt ago }’/>( ----- AII), which is 
itn energy cr useful voltage in phase with A, along OA. 

With centre (6) and radius Art — V L deaejibo an arc of a circle, 
anil with centre (0) and radius Ou = i'n n describe an are 



of a cil’cle (Fig. 116), intersecting the other arc in the point (u). 
From («) drop a perpendicular to OA meeting it in (</) and 

pruduce it to (») so that ih = P, ~ —- the condenser voltage. 

Ip 

Tliis will ba ]H0° out of phase, i. t. in rlirect opposition to the 
voltage overcoming the sclf-induocd iiile voltage (on) — LpA. 
Conseiiuenlly tho nett or effective idle voltago of the circuit 

du — A^Lp — — A /., r, where Z| — the effective cr nett in- 

ductanco of the whole circuit l'Q t and is of a self-inductive 
nature causing an effective angle of lag 6 in tho circuit. In 
t-lio triangle (hfr. Ay = 0, since the condenser C is not con¬ 
sidered to have any ohmic resistance r like tho self-inductance 


L hns. Therefore Oil = tho energy voltage AK for tlio pnrtiuu 
I'N, Od is therefore also the useful or load component of the 
total voltage of tho circuit I'Q. 

A most important deduction, affecting tho calculation of the 
rise of pressure in cables and sometimes the breakdown of their 
insulation, \low follows, namely, if die reactances of tho self- 
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inductivo and capacity portions are equal, ».«. if I,p = -L wliere 

Lp 

p — 1 rf and / = the supply frequently, the idle voltages of Z and 
C will bo equal and opjwaite in sign, and each nlay liavo much 
greater values than that of the supply. This condition in such a 
combination, shown in Fig. 117, is called pressure resonance. 


The abovo condition may bo written 2*/Z = a—,/,, from which wo 


geb/= -—~ per sec., but only when tlic olimic resist anre 

a *V/« U 

of tho circuit is negligible is the periodicity of the supply equal 
to the natural periodicity of oscillation. The natural priicxlof the 


circuit = ^T-y/LV seconds. The periodicity giving maximum 
resonance in a circuit of appreciable ohmic resistance R is 


l j i r 2 , . 

f -y/ n °t natural periodicity of * 


oscillation of tho oireuit. 

Either of the abovo values of llie critical frequency (/) giving 
maximum resonance is usually much greater than that of tho 
supply voltage. 

Apparatus—Sourco of A.C. supply E t preferably a motor- 
driven alternator having a wide raugo of speed and excitation j 
ammeter A; wattmeter )Y\ switch S\ voltmeter V\ and two 
three-way keys; a capacity 0 t self induction />, and ohmic 
resistance if, each capable of variation; frequency meter (/). 

Observations.—(«) Iny&Ianct loilh Self-induction at Constant 
Frequency, Cajxutty and Resistance. 

(1) Connect up os in Fig. 117, levelling and adjuring to zero 
such instruments ns need its Start tho alternator with field 
regulator "full in,” and 6 <mj that tho lubricating arrangements 
aro working properly. 

(2) With tho self-induction L, resistance) It, and capacity C 
adjusted to convenient values, and the Bpecd to give a frequency 
F (*= No. of pairs of polos X rev. per min. 4 - 60) of 50 ~ per sec., 
close £and by field regulation obtain some eight different currents 
on A (and hence values of /,) rising bj about equal increments 
from 0 to the maximum safe value, noting the valuea of F r A, JF, V 
and C at each, F t R and C being constant throughout 
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(4) Impedance with Capacity at Constant Frequency, Self 
induction and iitsidanee. 

(3) Repeat obs. 2 £oi' somo night different values nE capacity 
C between 0 and the maximum possible, F, R and A (i. u. L) 
being constant throughout. 

(c) Impedance with Ohmic Resiatnnes oi Constant Freyaeney, 
Capacity and Self-induction. 

(i) Repeat obs. 2 for some eight diflrent values of remst- 
anco R between 0 and the maximum pe'siblo, I\ C and A 
(i. e, L) being constant throughout. 

(if) Impednn-e with Fieyucnnj at Constant Self-induction, 
Capacity and Resistance, 

(5) Repent obs. 2 for boiuo night different frequencies between 
the minimum nnd maximum values possible, C, H and A (i. c, L) 
being kept constant. 

Tabulato all your results as fellows— 


Bolf-lcducUon urtd: Kiture nr typa ,»» Ohrnto Ilr> i — . , » ohms. . . * 
ObfTiln &«•. (JT) niia'l: Nutiiw or tipp , . 

CtpaHty <0 atwl ’ Tyi'i , . pc 
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(6) Plot curves having values of impedance as ordinates with 
each of the variables A {or L), V, Ifa and F ill obs. 2-5 as 
absciss® on the same curve xbcct, 

Inferences. —State clearly all tiiat can bo deduced from the 
resiflLs of tho lest. 

Hote. —Tho numorical and phase relations ‘between tho 
voltages across C t B and L t and the combinations of these can 
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be studied in tlio ulsivo table with advantage and are highly 
instructive, From them the student should draw to scale the 
diagram shown in Fig. llfi nliovc, for, say, two extrema values 
of the overall voltage 1’Vso and aoo how tho angle of phase 
diflerenco 0 compares with that calculated in the above 
table. 

(115) Numerical and Phase Relations be¬ 
tween Main and Branch Currents in 
Circuits containing Ohmic Resistance in 
Parallel with either Self-induction or 
Capacity. 

Introduction. —The determination of tho abuvo relations 
between the main and branch currents in n circuit comprising 
chnbc resistance anil self Induction in parallel is effected in 
detail in tost Ho. 131, which should be done fur the present 
test, 

Tho numerical relations are at once seen in tho tnhle of 
results, while the phase relations arc best seen from the diagram 
(Fig. 142) constructed for any particular set of simultaneous 
currents. It will bn obvious that tlio relations will differ 
according to whether the self-induction branch I'Q possesses 
appreciable ohmic resistanceor practically nono. Fig 1 U presumes 
the former condition, but if tho latter obtains, then the current 

in the non inductive branch, lx-ing in phase with the voltage, 
will bo given by OC, while that in the inductive branch A, t 
(having no resistance) lags just ( J0 ; behini Ms voUtuje, and will 
now be given by Ca (perpendicular to OC), instead of by ia os 
in Fig. 112. 

Tire present test should also be operated with papaeity C 
substituted for tho self-induction shown, when the sturlcnt should 
have no difficulty in modifying both the tubular form of entry 
and the vector diagram to suit the new condition of capacity 
in parallel with ohmic resistance. If no resistance is purposely 
added to tho condenser branch, tho current in this will lead 
just 90° in adtnnce of lie voltage- Thus, the main or resultant 
current will bo given by the diagonal of a parallelogram, tho 
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allies of which will bo at right angles and represent the branch 
currents. 

(ir6) Variation of Impedance and Phase 
Relations between the Currents in a 
Circuit containing Capacity and Self- 
Induction in Parallel. 

Introduction. —The combination of sr If induction in parallel 
with capacity is an extremely important one, and has sumo 
interesting and highly useful applications in electrical engineer¬ 
ing which will bo mentioned later, ltuferring to Figs. ItiJ 


E 



awl 119. Let OK — the supply voltage J' and if tho ammeter 
A c and switch S r at Id a negligibly small i valance to the coil' 
denser branchy the current A c in this branch will — (JVp ami 

tan 0 o ^-i- = », wkenco A 0 will make aji angk of phase 

(>j»c 

difference POE 0 C = 90° in advance of J' 

Similarly, if the ohmic resistance of the setf-inductive bratich 
is negligibly small, tho dibk, current A £ in tliiu brunch 
V Ln 

will ^ — and tan = - = oo, whence A L will lag behind V by 
Lp r 

an angle MOE ** $ L =» 90°. OP and OM mv therefore the max. 
values of the respective branch currents. 1 f, however, tho self- 
ind, branch possesses a resistance (r) ohms in addition to self- 

V 

ind. L, its current will bo given by j— -sx OQ 

■ »■* 

lagging behind V by an angle =» QOE , such that tail 0* — — 
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(less than before). Tho total current A being llie resultant ON 
of 01‘ and OQ mid ranking an angle ROE $ (seen to bo one 
of odvenco in this rase) with tbo voltage V, 

The semi-circles OR I' and OQM are tho loci of tho vectors 
representing the branch currents A a and A u and it will be seen 
that the smaller tho resistance (r), the nearer will Q approach II, 
and tho smaller will be tbo resultant or main current OR (= A) 
from the supply and the more nearly will it be in phase with 
OE (= V). 



Thus at tho pm-.ticnl limit, r will ho very small, Q very duso 
to M, At. nearly = A„ and nearly 180“ out of phase with it, and 
OR very small and marly in phast with V. Under these condi¬ 
tions current resouri are is said to prevail in distinction to pressure 
resonance explained on p. 330 for series circuits. With current 
resonance in such a parallel circuit, tho local current circulating 
in tho loop may be many times greater than the main supply 
current A —a condition obtained when tho idle or wattless 
components of the branch currents are practically equal, but of 
opposite sign when tho wattless or idlo component of the main 
current A will he less than that of cither branch. Equal and 
opposite wattless currents in tho branches will bo obtained when 
l/G’/i Lp 

1 IVY + r c *^iy + if 

but os explained for scries circuits this condition can only truly 
be called resonance when both r„ and r are negligibly small. 

In practice we see capacity used for starting up alternating 
current motors; for nullifying the effects of the idle currents 
in a distributing Bystem, thereby raising tho power factor, and 
so increasing both the efficiency and economy of opcaatiun. The 
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capacity effect in this caw is produced by an overexcited 
synchronous motor connected to the same supply, 
t Apparatus.—Source £ of A.C, supply preferably o motor-driven 
alternator variablo in speed and excitation within wide limits; 
frequency meter (/); voltmeter F; wattmeter IF; ammeters A, 
A o and A ^; switches S, S c ami S \: variahlo capacity V ; variahlo 
self induction L of ohmic resistance (/-). 

Observations. ~ (k) Impedance with Xeif-iitihtciion at Constant 
/ C and r. 

(1) Connect up as in Fig. Ill), levelling and adjusting to zero 
such instruments as need it. Start tho alternator with field 
regulator “full in,” and see that the lubricating arrangements 
are working properly. 

(2) With / 0 and r (if alterable) adjusted to convenient 
values, dose S, and then S' a only, taking the loadings of all the 
instruments. 

(3) With / C and r as in obs. 2, close S', and then S’* only 
and take tho readings again. 

(1) With / C and r again the same, close all 3 switches ami 
by field regulations obtain some 8 different currents on .1 L (and 
lienco values of A) rising by about equal increments op to a safe 
max. value, noting the readings of nil instruments. 

(A) Impedance with Capacity at Constant f, A t (i. e. L) nn i r. 

(5) Itepcat obs. 4 for some 8 different values of cupaeity C at 
constant/ rand Aj. (i.a. L), 

(r) Impedance with Ohmic Resistance (r) «£ Constant/, Ai (i. o. 
L) and C. 

(C) Bepcat obs. f for scvcrul values of (/■) if this is variable at 
constant/ L and (!. 

(d) Impedance with Frequency (/) at Constant A k (i, e. /,), C 
mid r. 

(7) Bepoat obs. 4 for some 8 different values of frequency (/) 
at constant Ai (Lc. L), C and r. 

(8) By varying C, L,/, find tbe minimum value of A obtain¬ 
able, noting tbe readings of all instruments at this, and tabulate 
all your results as follows—* 
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Inferences.—State clearly all the inferences which cun be 
deduced from the above results. 


(117) Determination of the Load and Watt¬ 
less Currents in an Inductive Alternating 
Current Circuit. 

Introduction.--Whiki tbu present investigation is bound up 
with that of power factor, considered in test No. 1011, p. 31G, the 
whole subject lias such a vastly important bearing on tho 
economical and efficient generation, transformation, and dis¬ 
tribution of electrical energy, that a further consideration of it 
will be an advantage. 


1 » 



It is well known that of the power in watts, given by the 
product (amperes x volts) “apparently " supplied to an inductive 
A.C. circuit or one containing self inductance, or capacity, or 
both, only a portion constitutes an actual or useful load or 
power and does useful work in tho circuit, while tbn oilier 
portion represents no loud at all, and is said to be wattless or 
idle power, doing no work in the circuit. 
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Dio iterj'vl power is given by the product of that portion of 
the current ami voltage in phase with each other, and is usually 
called the true power, wliilo tho wattless or idle power is given 
by tho product of tliosa portions of the current and voltago 
which arc in quadrature, as it is termed, i. e. differ in phase by 
90“ or a quarter period, the average value of tho latter product 
being always icro, Tho useful and wattless powers aro each 
given by a product of amperes X volts, and may be arrived at in 
either of two ways as follows: let a voltage 0E and a current 
OA differ in phase by an angle <£. llusolvc Cl,4 into two com* 
ponenls, one On along and in pliaso with OF, tho other Orti 
perpendicular to it. Then OtiAa L is a rectangle, and tho corner 



Km. III. 


itj will lie on a seini-eircln Oa,A draw,i on 0,1 as diameter. 
Wo now have tho true power — 0E X Oa, the wattless power 
= OH X 0«i, and the ap]vnrent power = OE x OA. Oa,A is, 
therefore, tho trianglo of currents of winch OA is the total or 
resultant or ammeter current, a ,.I tho load or useful current, 
and Oat tho idle or wattless current always perpendicular to a t A. 

. . OK X On n,A n , 

J ho power fuctor cos - • o i~ o i~ cm “■‘‘ a i* 

Again, resolve 0E into two components—one OA along and in 
phase with tho current vector 0.1, the other OK, perpendicular 
to it Then OK,KA is u rcctangla and the corner A will lie in 
a semi-circle OA E drawn on OK as diameter. TrVe now have tho 
true power = OA x OA, the wattless power — Ovl X OK,. OAE 
is therefore the triangle of voltages of which OK is tho total 
or resol lout or voltmeter voltage, OA in pliaso with tho current, 


the load or useful or energy voltage, and OE, tho idle or wattlcBS 
voltage always perjx ndiculur to OA. The power factor cos <f> = 


OA X OA 
OA X OA’ 


= cos .4 (5 a. 


z 
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Now, the wattless powers in tho two cases are OE x Oa t and 
OA X OE, respectively, which are equal, since the areas of the * 
rectangles (OE X Oil,) and (OA x OE,) ore equal. Mathemati¬ 
cally, therefore, it is immaterial from which point of viow the 
matter is treated, os both lead to tho same result, namely— 

True powerr= total voltngo x useful currents; 7 X A cos 
„ „ = total current X „ voltage = .lx Y cos £. 

In practice, liowevcr, it is more convenient and general to 
consider tho total current A to he madu up of two components, 
respectively A cos in p/itm with, and A sin <j> in ymdratwi 
with, tbo voltage, and termod the energy, useful, or load current 
and tbo idle or wattless current. These are related geometrically, 
as seen in Fig. 121, by tho equation 

(Total current) 2 => [useful current) 2 (wattless current) 2 , 



Fia. 122, 


from which tlie wattless current measurement of the present test 
is deduced. This can 1* mode with tho two possible circuit 
conditions, namely, self-induction with ohmic resistance, for which 
the total current lugs in phaeo behind tho load current by on 
angle and capacity with ohmic resistance, fur which tho load 
current lags in phase behind the total current by an anglo 0, 
i. e. the total current teail* in front of the load current. This is 
shown in the single diagram, Fig. 121, though more commonly by 
two separate ones split along the lino OA. 

Apparatus_Source E of alternating current; voltmeter F; 

ammeter A ; wattmeter IF; variable non-ind. resistance R\ 
capacity C ; self-induction L. 

Observations,—(1) Connect up ns in Fig. 122, levelling and 
adjusting to aero such instruments as need it. 

(2) With G only connected in circuit, note the readings of Y, 
W, and A for some five or six values of current A betweon 0 
and the maximum possible by varying R, 
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(3) With L only connected in circuit, repeat obs. 3 and 
• tabulate as follows— 






Puwer 
Pact or 

Ctiaf 

- r/ir. 

Angle of 
Plifea Uitf. 
**• 


QJjjg 

^H3 

■ 

■■■ 


mm 




(4) Chock ono or more of the tabular readings by diagram, 
such an Fig. 131. 

Inference!.—State all that con be deduced from the results 
of the tost. 

(i 18) Variation of Impedance, Reactance and 
Self-Induction with Position of Movable 
Core in Solenoidal Choker. 

Introduction.—This teat is intended to show the principle 
underlying the action of tho so-called dimmer, which is so 
commonly usod now in theatres ami picture Iiulls for raising and 



lowering tho lighting when the supply thereto is alternating 
current, also the range of regulation of a choking coil for working 
on arc lamp circuits of different voltages. It has tho great 
advantage over a variable “line” resistance of preserving com- 
pletely the electrical continuity of the circuit, while introducing 
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ft back E.M.F. of self-induction to tho supply depending on the 
position of the mosublo coi'O. 

Apparatus.—Sourco of A.C. supply K, preferably an expori- 
menial motor-driven alternator, tbs 0XCLt.it.ull anil speed of 
which aro independently variable within wide limits; switch S’ t 
frequency meter F; ammeter A; voltmeter f; wattmeter If; 
nnd the movable core solenoid «1 eboker l‘. 

Observations.—(1) Connect lip as shown in Fig, 1 '2 1, levelling 
nnd adjusting such instruments to zero as need it. Ensure 
that the lubricating arrangements are working properly on 
starting up. 

(2) With tho field regulator of E full in and tiro machine 
supplying constant/rsyuency F, close X nnd adjust tho alternator 
field excitation so ns to give the max. safe current A through 0 
with tho centres of F and C coinciding (i. o. I) = 0). then noto 
tho readings of F, A, If and V. 

(3) Take the readings of F, A, Ifj V ami I) with tlio same 
constant un/ire* of F ami A for each of a series of clnmjxxl 
positions of P between J) ■— 0 and b — full length of V, with P 
finally removed to a distance, 

(4} llepeut obs, 2 and 3 for Lho same eOHStunt frtqaency F, 
hut with V wyu> wiuabttnaf cmulaut, at such a value as will 
prevent the current rising above the max. safe value when P 
is removed to a distance, and tabulate all your results os 
follows— 


ClioVer . Length * . >< No. or tnnn m . . , ft s. A — ... 
Cciie Length—.,. Crum ikel nm — , . , 



(y) Plot curves for ubs. 2 and U having values of D as 
absciss® with values of f, If, cos 6, YjA, Lp ond L as ordinates 
respectively, and for obs. 4 having values of D os absciss® with 
values of A, If, cos 8, VjA, Lp and I. as ordinates respectively. 
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Inference*.—State nil you con deduce from Uic table of results 
nnd curves. 

(119) Effect of Length of Air Gap in a Closed 
Magnetic Circuit on Impedance, Re¬ 
actance, Self-Induction, Current and 
Power. 

Introduction.—Tlio present test is a very important one, 
inasmuch that it is a direct proof of fundamental theory, und 
has mi important beating on the uso ami range of regulation of 
all kinds of choking or reactance coil* for adjualing the current 
in are lamp circuits at different voltages, while at the same limo 
emphasizing the relative merits of “closed” and M oprn” mag¬ 
netic circuits. Tho factors of an altemating current supply 
being voltage, current, and fmpioney, with the last named usually 



Fic. m 

constant, it follows that tho present Investigation can lw carried 
out in at least two ways, namely— 

(a) With coH's&ttU current and varying voltage at conskmi 
frequency, 

(A) With conataul voltage and varying current at constant 
frequency. 

In tlio former method of supply, and with a series wound and 
connected choker, any effects observed by varying air-gap must 
be duo to this alone. In tho latter method, owing to change of 
currant strength (in alt hut saturated magnetic circuits) causing 
a change of magnetic Hux and induction density, any effects 
otherwise duo to cluuige in length of oii^gnp may bo seriously 
vitiated. 

Apparatut—Experimental magnetic circuit with adjustable 
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air-gap; switch S', frequency meter N; ammeter A] voltmeter 
V; wattmeter IF; soureo of A.C, supply g, preferably from an 
experimental motor-diiven alternator, the voltage and speod 
(*. e. frequency) of which are independently variable within wide 
limits. 

Obiervationi.—(!) Connect up aa in Fig. 124, levelling and 
adjusting to zero such instruments as need it. Now start the 
motor-alternator, observing that the lubricating arrangements 
ere working properly, 

Note.—If a constant voltage and frequency town supply is 
used, a suitable non-inductive resistance must be connected in 
scries with one of tho mains on (he supply side of IF for regulating 
ths current. 

(2) Remove all the non magnetic distancing strips D and 
clamp the laminated iron keeper K down on to the poles by 
means of the wing-nut clamp (not shown in Fig. 121). With tho 
fie! d-regulating resistance of the alternator full in, close S and 
obtain a frequency of 50 or 60 «- per see. on F, to be kept 
constant by driving the alternator at the requisite constant speed, 
where the frequency (J) — No. of pairs of poles X revs, per 
min. -r 60. 

(3) Raise the AC. voltage by field regulation to the maximum 
value possible, ao long as the current pioduccd doo» not exceed 
the eafe maximum fur the choker winding. Then note tho 
readings of K, J, IF, V, and that the air-gap is zero. 

(4) Unolamp K, and carefully raise it just sufficient:ly only to 
elide ono distance strip I) in between it and tho poles, and 
re-clamp A'. 

Now, lower tho voltage (by field regulation) until A hue [As 
came vidtw ae before—the frequency beiny also Me same. Then 
read ¥, A, IF and V. 

(5) Repeat (4) for about ten difforent air-gaps, increasing by 
One distance strip at a time, and finally with X removed alto¬ 
gether, i. t air-gap = max. 

(6) Employing supply condition (A), mentioned in tho intro¬ 
duction above, with K removed altogether, adjust the hold 
regulator of tho alternator so as to give such a voltage as will 

. send the mu. eafe current through the choker winding at tho ’ 
same frequoncy as before. Now note tho values olj?, A, IF and 



ELECTRICAL ENGINEERING TESTING 


343 


V, anil that the air gap a max. This voltago and frequency 
iM to bo kopt constant in f uturo. 

(7) Next take tho readings of F, A, W and V for each of a 
scries of air gups, ranging from that given by all tho distinct) 
atrip* clamped together between A' and tho polos to none in at 
all, by ono at a Utno, and tabuluto all your results as follows— 


form Of InStictlts Otaralt tested . . . 

ScallDh of: Core «* . , , YokO — . , . Keeper <■> . . , 

DUUnec KlrS|« cncli . ., Tlm-tj Rtvitlanp? of Clioku binding fl — . . . ohm. 


* 

t? 
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1 

£ 

1 

i 

ts 
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1 

a 

! 

O 

o 

A 

i 

I 

i 

rl 

u 
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« 

1 

£ 

* 

a 

rt 

£ 

I 

3 

c ~ 

3 

* 

3 

If 
I « 

, 

V 

3 

* 

& 

1 

jsi 

li 

TP 

A.> 

M * 

u 

j 

i 

> 

fl 

5- 

0 

30 

fcj f 

IT»* 

v l 

H 





1 

_ 


l 

.... L_ \ 1 


(8) Plot carves from obs. 3-5 having values of D ns abscissas 
with V, r. cos 6, V/A and L as ordinates respectively. Also 
from obs. 6 and 7 plot curves having I) as abscissa; with A, IT, 
cos 8, V/A and L as ordinates respectively. 

Inferences.—From a careful study of the above table and 
curves state clearly nil that ran be deduced. 


(120) Investigation of Mutual Inductive 
Effects due to the Relative Positions 
of Two Coiled Circuits. 

Introduction. —The object of this investigation is to find out 
to what extent, and in what way, two neighbouring electro¬ 
magnetic Acids may react On one another when in different 
relative positions. 

Qualitative and quantitative results aro obtainable which are 
both interesting and instructive, in view of how little tho 
average student realizes the possibilities of interaction between 
neighbouring magnetic fields and apparatus with the prejudicial 
effects often resulting. For the investigation, two solenoidal 
movable iron core choking coils (preferably similar in all respects) 
may bo usoj), connected in series. 
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Apparatus —Twu similar chokers; nmmetor A ; voltmeter V; 
wattmeter H r ; frcqucucy motor I'-, switch S ; ncn-iuductivo re¬ 
sistance R (such a* a bank of lamps) {or regulating tho current, 
if tho supply E is from the town. IE frum rca experimental 
motor-driven alternator, It can bo omitted ami -1 adjusted by 
Held regulation oh the alternator. 

Qbteivations.—(1) Connoct up ius in Fig. 125, where T\T t 
aro tho terminal extremities of the two coils connected per¬ 
manently iu scries. Levol ami adjust to zero such instruments 
as need it. 



(2) 'With coils touching side by siilo in arrangment Cfi -, 
{ie. J) l — minimum) and ooros clamped contrally, tako tho 
readings of F, IF, V, A and JI 1 for ronstoaf full-load current A 
and frequency F = 50 for each Df a series of values of distance 
JO, up to a convenient maximum, the coils being parallel at 
each. 

(3) Take a copy of an ii-on filing diagram for the position 
D l = a min. 

(1) Repeat obs. 2 and 3 with one coil reversed or turned 
through 1B0°. 

(5) Repeat obs. 2 to 4 for the position of coils shown at C t C { 
(r. e. with magnetic axes of ooros perpendicular) at different 
distances D r 

(6) Repeat obs. 2 to 4 for tho position of coils shown at (?,C, 
(». e, axes in line) at different distances D v and tabulato as 
follows— 
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Coll C) wed : Length - . .. No, of turn* , Rr». . 

Dong IrcgUi- . . , Croei iccUoc >.. . 

Coll C: used: Length — , ., No. uf turn* — ... Bm. K— ... 
Cor# loouth . Crain Ration — .. . 


RnluliVt 
FipiiUoui 
O f Dull!.; 

[ 3 1 B.tu iter*. 
n,,nj 
isd lip 

Fraqueacj 

(CoGfllHat.) 

C'lrront 

A 

(Constant) 

Yoll, 

r, 

Tint 

Walll 

w. 

Apr^nfc 

Wrtti 

A XV. 

Imp kIwi a# 
'■/j. 

Power 

Ftotur 

■"W- 

W}AV. 











(7) In addition tu the copies of the respective iron filing 
diagrams, plot the following curves lulling values of distance D 

V 

os abaeisaaij with volts V and impedance - respectively, as 


ordinates in each case. 

Inference*.—From the tab1© of results, diagrams and curve* 
ttate all that can bo deduced. 


(121) Measurement of Magnetic Permeability 
by the Permeameter. 

Preliminary.—The following method, devisod by Prof. S. P. 
Thompson, is a simple and convenient workshop one for rapidly 
measuring the magnetic permeability (jl) of any material, lb 
is qnito distinct from the ballistic, direct magnetometric, or 
optical method of measuring (ja), ami is based upon tlio law of 
magnetic traction, viz. that tlio tract! vo fuico over a givon area 
of contact is proportional to tho square of the magnetic Hus 
through tho junction, This and all other iructiim methods are 
not capablo Of giving very accurate measuromonts of (/a), for 
both the tensile stress and tho place chosen for contact between 
specimen and block may affect the results somewhat, os in the 
latter case the distribution of the induction is not very uniform 
at this point. Vow, sinco in the perineainctor the magnetizing 
coils remain fixed, the pull on the specimen core will be due to 
( B-JI ) lines, where 2? = induction per sq. cm. through the 
junction, and // = magnetizing force producing it. If S =» 
sectional area of tho junction in sq, cms. the force of Attraction 
between core and block, i,e. Pull (P)~ (ZJ -7/) 2 *y*r8?r dynes— 

(2? - HVS-t{Sv x 4536 x 981) lbs. . ■. Z? = 1317 x / ——j + U 

\%m-) 

C.Q.S. linerf Where P=pull in Iba. to detach. 
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If the magnetizing coil consists of T tarn*, carrying & currant 

i*AT 

A amp*., and its length between ends ~l. Then II- -j^^KA, 

in O.G.8. measure. (The cormtant K^iirT + 101.) 

Ad advantage with this method of measuring pormoability is 
that the specimen of the material to be tested is in the form of 
a simple straight rod of circular cross section, and in this form 
it can generally be Tory easily obtained. Further, owing to no 
delicate ballistic galvanometer being used in the method, the 
tost can bo performed even in fairly closo proximity to dynamos 
or near other magnotio Holds without especially vitiating the 
resuite. The permeametcr illustrated is fitted with a slip coil 
C C for measuring p ballistically if desired. For a more detailed 
description of tho instrument vidi p. CIS, 

Apparatus.— Permeametor (Fig. 2BO); Suitor’s spring balance; 
ammeter A; rheostat r 3 (p. 009); battery J; switch A); Pohl’a 
commutator or raversing 
switch S (p. 084); specimen 
or rod if to be tested. 

Tests.—(1) Connect up as 
indicated in Fig. 12(1, omitting 
tho ballistic circuit shown at 
(he lower part of the Fig. 
Insert a specimen in tho coil 
after having cleaned the end 
and demagnetized it. Then 
attach tho spring balance by 
means of its double hook to 
tho pin pp in the present 
case. 

(2) With r 8 full in, adjust 
the current to a small valno 
(say O'02 amp.), and noto the 
foreo P lbs. required to de* 
taeh. This should bo re- 
the mean noted. 

(3) Bepcat 2 for about fifteen different currents up to. the 
maximum (about 7 amp.), rising by such amounts as will give 
about equal increments of pull on tbo balance. % 
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(4} Kcpcat 2 and 3 for different specimens, aud tabulate as 
follows— 


Nahi.'' D atx . *. 


Afactaen luted. 

Magnetising. 

P»ll 
P 11*. 

[udurtloo 

B. 

renoulklHly 

h b 

*/? 

K* 

ff alert. 

Dfometer 

BcrJtonft'j 

In. 

Current 
A amp. 

Force 

R=KA. 




I 






(B) Plot two curves, one liaving II as abscissa: and B as 
ordinates, tho other having li at abscissa: and ju as ordinates. 


(122) Measurement of Magnetic Permeability 
(by Hopkinson Permeameter). 

Introduction.—Tho present test is very similar to the pre¬ 
ceding one (No. 121), except that a slightly different form of 



Fie. 127. 


permeameter, devised by Professor Hopkinson, is provided, This 
instrument consists (as seen in Fig. 127) of a heavy wrouglit- 
jron yoke with two magnetising coils, one having a fixed core 
and the other a movable one. On the movable core is a small 
ceil of wire which, when the core is withdrawn, is jerked up by 
a spring; this coil is connected to a ballistic galvanometer, and 
the tlrrow is proportional to tho lines in tire core j by this means 
cores made of various samples may bo compared for perme¬ 
ability. Tho apparatus and connections, except for the differ- 



348 


BLEOTIUOAl ENGINBEMNG TESTING 


ence in tho actual form of psrmenmeter, nnd the addition of a 
ballistic galvanometer G, key K, adjustable standard known 
roeiatancc (<), and earth inductor E, or preferably a stonduid 
solenoid, nro precisely those indicated in Fig, 126, nnd tho 
student should read tin) introiluotory remarks of test No. 121. 

The evaluation of the throws on tho ballistic galvanometer <7 
is erectly as given in the introduction to test No. 78, and 
therefore need not hero bo repeated. 

Observations.—These consist in lilting Hie galvanometer first 
throw at tbo moment when tho small slip-coil springs out, for 
each of a scries of exciting currents longing from 0 to tbo 
safe maximum permissible, and tabulating all tho readings and 
evaluated results in a convenient fomi. 

Hote.—The first throw should bo repeated,/or each excitation, 
by replacing tho slip-coil two or throe times, when tho mean 
throw only at each current shuuld be tabulated. Further, a 
preliminary trial must bo madr, before taking the above scries 
of observations, by adjusting tho resistanoo (r) until maximum 
permissible exciting current gives a mean first throw, not ex¬ 
ceeding full-scale deflection. Lastly, tho increments of current 
in the senes must bo smaller during that part of tho range 
where the magnitude of tho moan throws appears to be differing 
considerably. 

A curve should bo plotted between values of induction density 
ft fuund, as ordinates, with values of magnetizing feme II os 
abscissa;, and also one between permeability p as ordinates, 
and values of B as abscissa*. 


(123) Measurement of Magnetic Hysteresis 
and Eddy or Foucault Currents in Samples 
of Magnetic Material. (By Single Phase 
Alternating Currents.) 

Introduction.—The determination of magnetic hysteresis in 
magnetic materials by same of tho moat important methods is 
given in considerable detail in Practical Electrical Teiling by the 
anthor, and the reader is referred to this book for further par- 
ticulors of these teste. It is of course well known that on iron 
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core, magnetised by an alternating current of elcotricity, is the 
Seat of two distinct losses of povvor, (1) from hysteresis, and (2) 
from eddy currents generated in tho transferee section of the 
conductor. 

The former depends on tho induction denxity in tho iron, tlio 
frequency of the alternating current, and on tiio volume and 
nature of tho magnetic material in question. No amount of 
lamination will get over tills loss. 

Tho latter source of power loss is dependent on the extent of 
lamination of the iron find on tho transvurso .section of ouch indi¬ 
vidual portion of the core. 

Now by employing sufficient iron in a test specimen, kcH 
laminated, the eddy current loss can be made small compared with 
tho hysteresis loss, whence any measurement now made of tho 
total core or iron loss will for all practical purposes represent the 
hysteresis loss simply. This is tho principle upon which the 
present method is based, but if greater accuracy be desired tho 
results so obtained can easily bo checked by one of the methods 
given in the above-mentioned work. 

It will thus be at once evident from tho foregoing remarks that 
the iron employed in all electrical engineering appliances, but more 
particularly in alternating current ones, should bo tested for 
hysteresis loss piior to being used in tho construction of sudi 
appliances. The present method is one of the simplest and most 
expeditious ways of measuring tho hysteresis loss in different 
samples of iron which may beta hand, and it is accurate enough 
for most practical purposes. 

Probably tbe most important direction in which the preceding 
remarks find an application is in transformer, alternator, and 
alternating current motor work. As the magnetic circuits of such 
appliances ora built up of stmnpings-nut of thin soft sheet iron, 
this latter is the form in which samples to be tested nsually come 
to hand. Assuming therefore that a few large sheets of tho 
material to bo tested, tho thickness of which nsually varies from 
0‘?9 num. to 0'5 m.m. for transformers and up to about 1 nun. 
for alternators, etc., is at baud, tho first thing to do is to prepare 
the material for testing by constructing a small transformer out 
of it thus— 
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PBEPAItATIOH OP IEOH SaWPIXS POH TfsT. 

Cut such a number of strip out of the Blieet, each about 
12" x 2" os will make four equally thick piles; ouch containing 
tho same r umber of strips, placed on the top of one another like 
the loavos of a book, to a thickness of, say, J' 1 and each weighing 
about 2 lbs, 

Now remove uny burr from tire edges of each by means of 
a file, ami weigh all tho strips, noting the total weight of iron If 
which should preferably be 8 or 10 lbs. 

Next varnish one tile of each tlrip with thin shellac varnish, 
and when dry assemble into four equal piles with varnished faces 
all pointing one way. Bind each pile, to withiu IJ’ of each end, 
wit]] a layer of thin prepared tape, when each will ho roady to 
receive tho magnetizing coils. It will bo noticed that each strip 
is insulated from the next by the equivalent of ono layer of thin 
varnish, which is all that is needed. Next make a thin rectangular 
cardboard tube about 1" to 4)' long for each pile and capable of 
just slipping easily over it. Wind each of these with two distinct 
coils of, say, No. 18 douhlo cotton-covered copper wiro, each coil 
consisting of two layorB and the two coils wound one over tho 
other. Place the four bundles of strips with their coils in position 
so as to form a rectangular fiamo of iron with adjacent ends 
interleaved, so to Bpoak, and clamped together so as to form a 
compact joint of low resistance. Join the four coils of each set 
together so that thoy would holp one another in magnetizing the 
ring sod tho specimen is then ready for test. Note the total 
number of turns ;Vp and dig on both primary and secondary 
coils respectively, also the cross section 8 sq. c.tns. of iron in 
the frame, f.s, thickness of etrip x by number side by side 
x width of strip, and tho mean length of the path of a tine of 
force right round. 

Apparatus.—Iron core on frame I to be tested and wound with 
the two distinct (closely-wound) primary and secondary ooils 
P »nd S. Siemens clcctroalynamometer or Pare direct reading 
dynamometer ammeter A (Fig. 677); non-inductive Wattmeter IK; 
non-indnetive rheostat R (p. 597); switoh K ; electrostatic volt¬ 
meter V) Pohl’s commutator!) (p. 584), or other suitable change- 
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over switch for throwing V in quick succession across ? or 8. 
Source of alternating current supply E t preferably one tho fre¬ 
quency of which is under control; a tachometer will bo required 
in this latter case. 

Observations.—(1) Connect tip aa indicated in Fig. 128, and 
adjust tho pointers of A } V and IK to zero if llioy require it and 
levelling them where necessary. If the alternator is under 
control aeo that all the lubricating cups in use feed slowly and 
properly. 



(2) Start the alternator up to its highest desirable speed, which 
is to be kept constant, then with R at its full close K and alter 
R and the excitation to give tho smallest rcadablo current on A. 
Note simultaneously tho readings on if, IK and V in quick suc¬ 
cession when across V and S by turning D to P or S as tho case 
may be, and the speed. 

(3) Repeat 2 at tho same speed for eight or ton different 
currents A, rising by about = increments to tbo highest desirable. 

(4) Adjust the current A lo some convenient value, preferably 
one that will produce an induction of R — about 4.000 lines per 
eq, cm. in 7 And keep this constant. 

(5) Now take a series of loadings of IF and V for about eight 
or ten difforont speeds, ranging from tho greatest down to the 
smallest, noting tho value at each. 

(6) Measure tho resistances of tho primary and secondary 
windings by means of a Wheatstone Bridge set, and tabulate all 
your results as follows— 
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Altrnintor: Pcriodi per Us'iOla. £**... y = « w yersoc. 
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(7) Plot the following curves— 

(a) Bet wean 7/ nnd B having Ji hi ordinates and hysteresis 
loss 77 as ahscissrc. 

(5) Between 77 and n having n as ordinates and hysteresis 
loss // as abscissa. 

(c) Between 21 and A having A as ordinates and hysteresis 
loss II as abscissa. 

tfote .—B varies from 3000 to 5000 C.G.S. lines in ordinary 
transformer*. With good iron 1Ij\V should not exceed J. 

Inferences.—State very clearly what you cun infer from the 
results of your tests. 


(124) Separation and Measurement of Iron 
Losses in the Cores of Alternators, Trans¬ 
formers, Motors and other Electro-mag¬ 
netic Appliances. (Alternating Current 
Frequency Method.) 

Introduction.— 1 The iron losses taking placo in the core. o£ 
alternating current plant {s. g. alternators, transformers, motors, 
etc.) consist of those flue to magnetic hysteresis and eddy or 
Foucanlt current, respectively. 

The Hysteresis Lou depends on the induction density in the 
iron coro, the periodicity of the supply current, and on the 
volume and quality of the iron used, but in no way cn the extent 
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to which the lamination of the core ie carried and increases 
with, but more rapidly than, the induction. 

Steinmota gives the empirical equation for the work done on 
account of hysteresis aa to => ^4“ ergs per cycle of current and 
magnetization where rj equal the hysterctic constant whioh may 
vary from 0*001 to 0'003 for soft, annealed core plates, and 
i) = masimura valuo of induction density in lines per sq. cm. 

If (u) = periodicity of the supply or number of complete 
periods per second, the effective loss W a duo to hytcrcsis (per 
cub. cm. of core) will bo 

IK* — rj)iE“ ergs per sec. = qn/i 1 MO 7 watts, 
on the assumption that the hysteresis loss per cycle is inde¬ 
pendent of the rate of cycle which the latest research showa to 



be not quite the case, though sufficiently so lor practical pur¬ 
poses. Actually tho hysteresis loss per cycle increases slightly 
willi increase of periodicity, and from the above relation we 
aco that for a given core, run at constant induction density 
IF„ is « ». 

The Eddy Current loss dopends on tho rtrength of the 
induced eddy currents set up in tire thickness of each lamina 
composing tho core, and hence, by Ohm's law, will vary as the 
square of such strength. Tho eddy currents are due to the 
varying flux through the core, und will depend on tho rule of 
variation of this dux, t. s, oa the periodicity («). Thus tho 
eddy current loss will vary in proportion to n 1 , and the effective 
loss Nj duo to eddy currents (per cub. cm. of core) will be 
fK; = AVim- 1 * watts, 

where K = a constant taking into account the specific elec¬ 
trical resistance of the iron and the thickness of plate lamina. 

AA 
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Eddy currents tond to reduce the flux i» a core due to their 
demagnetizing action and also cause a non uniform distribution 
over the sections of tlio iainintc. Duo to this, the lijsterosi* 
loos will be further increased with increasing 'Valera of (w), and 
will appear at* an increase in tbo eddy currant constant (A") in 
the present method over and abovo the calculated value. Espe¬ 
cially will this he the coso if the insulation between core 
lamina is not all effective. 

If W ~ tbs total power in watte absorbed by any electro¬ 
magnetic appliances 

and 1F P = the watts absorbed or expended in the exciting coil, 
then the nett iron losses 

= w, = w- ir„ = w a + w, = ,»Z" *io 1 + Avitoo -» 

watts. 


S R 


Si 

Irj Li 

IWi 

isl 

Ol 

iBBii 


¥n*. 130. 


Now tho coefficients y and A' can bo found experimentally by 
testing the appliance at constant induction density $ with 
alternating current at variable periodicity (») This can bo 
done by varying the xpeed of an altcniator ru ining at comtaui 
excitation, for then the vultago V varies x to the periodicity 
(u), so that YIii, and hence the llux, remains constant. Oil 


r 

plotting the valuer —mb function of the induction fa, the 

straight line it obtained oompajlding to one particular 
value of fa and of V/ii. From the curve nl and this value of 
fa the coefficients y and K can be calculated, and lienee the 
hysteresis and eddy current lueses respectively. 

Apparatus.—Electro-magnetic core / to be touted; lew-reading 
alternating current Boiraeter A ; wattmeter IT; and voltmeter f, 
each independent of periodicity; frequency meter i\ or, failing 
this, a tachometer for measuring the speed of the supply nlter- 
nutor fa i switch S and non-inductive variable resistance fa. . 

Observations.—(1) Connect up as shown in Fig.,130, levelling 
and adjusting to soro such instruments ss require it. Start up 
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the experimental alternator and see that lie lubricating arrange¬ 
ments are working properly. 

(2) With a suitable ammeter, variable regulator, and switch 
in scries with the alternator field across the D.C. supply, close 
the field switch 7Y>, and adjust the speed lo give the lowest 
readable value of periodicity («) on F (ur smaller value by taebo* 
motor), and adjust the field regulator to give some suitable 
loading on Y> Now note the readings of all the instruments, 
and particularly tho value of V/n for futui*o use, 

(3) Note tho reading* of all instruments for each of a series 
of periodicities (n) up to the highest permissible, taking care 
that tho value of Vjn (and therefore the value of the induction 
ft in 7) is the same at each periodicity. 

(1) Repeat the above for the same range of periodicity, hut 
for each of two other widely different values of V , giving corre¬ 
sponding value* of tho ratio Vfit (and hence inductions B) 
cowUmt throughout each range of variation. 

Note.—If the appliance tested will safely stand, say, 150 
volts, then three values of tho constant !'/» might bo used, viz.— 

150 100 .50 _ _ . _ . . v ,. . . 

ri r , and fe K or 3, 2 and 1 by suitable variation of 
50 * 50 50 ' J 

field on citation, thus giving three corresponding values of B in 
IK 

if in core. Further, sinco is not likely h> exceed 15 or 2 0 
«? 

watts per Jb, in modem iron cores, a low-muling wattmeter 
will be required, uii lew the roi'o U a heavy one. 

Tabulate as follows— 


Non ... n«tt.. 

R:jp\i]f A'Ii'ti nl i ir! Furiodf ier. ?*>.., 

Caro t(nU4 : Form m Ijpo ... M.iIinIiI . , . 

ilofUi of TlWtfikUfi eiicull l - cm*. No. at uucfict'riBi,' tlifM f •* 
tfttrrQBindtinmirima >■ n|.<^d*. Aci. tfni|gn(iui<u timu ofim*. 

Nut of Inin ll<*. TlwltliiMi of cum lnuination* — 

NitnilMlof UQQ rx t/, WldlbcrtvIlliiPililUuu* 
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(5) Plot curve* having values of (n), as absciss*, with values 
of V, A and Dj respectively, as ordinates, for each constant i’jn 
taken. 

(5) Determine the hysteresis and oddy current coefficients, 
and from 0 draw a straight line, tangent to the curve relating 
W, anl n, separating tho hysteresis and eddy losses, when 
ordinates of this line will represent losses due to hysteresis x w, 
while the ordinate intercepts between it and the watt curve will 
represent losses due to eddy currents « n*. 

Inferences.—State clearly what you can infer from the above 
results. 


{125) Measurement of Magnetic Hysteresis 
by Ewing’s Hysteresis Tester. 

This instrument, a general view of which is seen in Fig. 131, 
and for a full description of which eeo Professor Ewing’s Paper 
ill tire Journal of tho iwlilntioti of Kluli'ioal Enginzeri, April 25, 
lo,;T), has been designed to meet tho want which hus been frit 
of a means of testing the magnetic hysteresis of shoot-iron or 
steel in a simple and expeditious way suitable for workshop as 
well aa laboratory nee. A few stripe of the sheet metal to be 
tested are cut or stumped, five-eighths of an inch wide and three 
inches long. Thry arc filed to the exact length when clamped 
in a gauge, which is provided with tire instrument, and are 
then inserted in n carrier which is mode to revolve by turning 
a handle The carrier turns between the poles of a pemiunent 
magnet, which is suspended on a knife-edge. In consequence 
of the hysteresis of the specimen the magnet is deflected, and 
the amount of its deflection is observed by means of a pointer 
and scule. From this deflection the hysteresis of the specimen 
is determined. The magnetic induction is practically the same 
in all specimens, notwithstanding differences in the pcnneability 
of tho iron, on account of tho comparatively large air-gap 
between tho specimen and the magnet poles. 

Two standard samples are provided with the, instrument, 
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having stated amounts of hysteresis. The tost of any other 
specimen is made simply by comparing the deflection produced 
by it with tho deflections pod Deed by the standard samples. 
This serves to determine the hysteresis of any sjiccimen in 
absolute measure. 



Fro 1M, 

Tire operation of the instrument is entirely mcclianical, and 
inquires no knowledge of electrical tosting. 
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(126) Measurement of the Impedance, React¬ 
ance, and Self-Induction of Alternator 
Armatures, Motor Stators, Transformer 
and other windings (by Alternating 
Currents). 

Introduction.—Die following is n simple and an approximate 
method of finding tho self-induction L of an inductive circuit. Tt 
depends on tho fundamental relation subsisting between current 
(d) and impressed E.M.F. (K) in such a circuit, namely— 

_r__ 

or, as it tnay otlvcrwiae be written, 

Impedance - JL-jr + fi 1 - VjA, 

where tho angular velocity of tho current p - 2tn, n lwing its 
frequency in ^ per sec. 

Since by definition, tho cnofllriont of self-induction L nf 
any railed circuit is - ~ where -V is the total magnetic flux 

threading tho coil and produced l)y a eniTcnt A, it follows that 
if tho inductive circuit encloses, and is surrounded by, a non- 
magnetic medium, the v:i!rc of I, calculated will he the sumo 
for all values of A. If, however, it encloses an lion core, any 
variation of A will produce variation! in the permeability of, 
mid consequently tho flux in, the core, and tlio ialuo of A.will 
vary with A. 

Titus the iinpotljince ami self-induction of 1 lie primary of a 
static transformer, ami of the stator winding of an induction 
motor will decrease as the secondary load of tho former utnl 
ll.H.P. developed by the latter increases, owing in each case 
to alteration of eurrrnt and core flux. The same effect occurs 
with the armature of an alternator or of a synchronous motor, 
the impodance and self-induction of which will vary with— 

(1) The armature current, since the care flux and permeability 
will vary inversely together as the current changes. 

(2) The magnetization of the core due to any variation of tbo 
field-magnet strength. 

(3) The type of winding used, «'. e. whether “ distributed ” or 
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11 concentrated,* the former having small ftrlf induction owing 
to the circuit Iwing partly in both favourable and unfavourable 
portions for linking with the flux, the latter having a largo 
self-induction, duo to all tho circuits in certain positions in tho 
revolution linking up simultaneously with tho flux. 

(4) The reciprocal of tho longth of air-gap between armature 
core and field poles. 

(5) The exact position of the armature relatively to tho field 
poles, especially with windings concentrated into single slots. 

(6) The induced currents in the pole pioers and field winding* 
due to tho armature current. 

Tn view of tho atave considerations, it will therefore be 
obvious that tlie valuo of th© imppdaneo or wdf-mduction of 
the armature of an alternator available for calculation can only 
bo a iiuian value as obtained in the munnor indicated in tho 
present list. 

Two methods of procedure are possible, according as to the 
mode of obtaining the Ohmic resistance R. 

(a) Zf may bo measured in tho usual way on a Wheatstone 
Bridge either before or after tho test, in which caso a measure¬ 
ment of the currant at a known volta^o, or vice verad together 
with (n), at once gives the rolf-induction L. 

(ft) R may bo obtained by Ohm’s Law in terror of a continuous 
curt out and pressure when this latter is available, and therefore 
no Wheats to no Bridge is necessary. This method of procedure, 
which is tho one adopted in the present instance, has the further 
ad vantage that in cases where R is liable to heat up, due to the 
current, its value will bo obtained correctly, which would not bo 
so if obtained, by the bridge. 

The following precautions should, however, bo carefully observed, 
and are practically the suoo os appear in the measurement of the 
resistance of an electric glow lamp while running (vftfg p, 47). 

If the voltmeter is shunted across the terminals of Z, then its 
reading is correct, but the true current through L which is required 
— ammeter reading - voltmeter current. If, therefore, an electro- 
Htatio voltmeter ib employed this correction does not occur, but if 
a hpt wire voltmeter is used, the correction should he made, as the 
voltmeter current is not usually negligibly small compared with 
the main cruront. 

t 
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If the volt meter is across the ammeter and L combined, then 
the <n« voltage across Z = ioilmt/er reading - voltage aiecrbtd 
in ammeter. Owing to the low resistance of the last-named 
usually, this correction is negligible, hot must bo made if the 
ammeter resistance is considerable. In this arrangement we also 
have— 

True stif-ihduclion of coil—calculated L - self-induction of 
ammeter. 

The test can he performed either using the sumo voltage 
from the direct and alternating sources and noting the relative 
currents, or employing the same current and observing the relative 
direct and alternating volts necessary to send this current through 
the circuit, the frequency in either case remaining the same. 

In the present instance the latter way will be adnptod as being 
more readily appliod. 

Apparatus.—Inductive circuit L to be tested ; alternating 
current voltmeter V’, preferably electrostatic; biemens eleolru- 
dynamomolcr or A.-C. ammeter A 
(Fig. till); variehlo noniudnetiro 
resistance li (p. MH); changeover 
switch j S (p. fic'-J; alternator 1\ 
with its tachometer; direct current 
dynamo or secondary battery D. 

Observations.—(1) Connect up 
os indicated and adjust the pointers 
of A and V to zero, lleforo starting 
ice tliat all lubricators in nao food 
slowly. 

(2) Make It os large as possible 
and switch S over to J) t adjusting 
A to the maximum current which 
L will carry. Note the current A amps, and the volts V/, across L. 

(3) Turn S over to P and adjust R and the epeed of P so os to 
again obtain the same current A amps. Note the volte (K. ) and 
the epeed of alternator. 

(4) Open S and make R as largo as possible again. Repeat 
2 and 3 for about ten different decreasing values of current to 
the smallest convenient, and keep the speed of /’ constant through¬ 
out. its excitation being varied, if necessary. 
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Note.—If the double pole change-over switch S is not avail¬ 
able, the common circuit containing A, L and R can bo closed 
to I) through a angle pole switch, and a series of pairs of values 
of A and V first taken in order to obtain tho ohmic resistance 

( l r \ 

^ j of I, P can then be substituted for />, and a similar series 

tiken with alternating currents of the same sente values on A 
as before IjeUern 0 and tho maximum L will carry nt constant 
frequency. 

(Ji) If the inductive oircuit has a removable magnetic core, 
ns, e ff. f in the central movable core open-magnetic-circuit typo 
of choking coil. Then operate oba. 2-4 above, or the alternating 
eumuil series only of observations mcjiliuned in tlio Note above, 
with the core ('/) central in the coil, (/>) removed altogether 
a nay from the. coil. 

(I») If the inductive circuit I (Fig. 1.12) conshls of the 
armature of an alternator the impedance and self-induction of 
ii huh is required, the A.C. supply should have the same 
pi 11 nod icily ns tho normal value for the machine under test. 
Thm, with llie field magnets of the machine tinder test, niuxeit&l 
vary R so ns to obtain about a quarter, half, three-quarters and 
full-load currents (<f) through the armature, noting trio corre¬ 
sponding readings of V at cut'k of a scries of positions of the 
armature throughout a fraction of a revolution equal to half 
tho polar pitch. 

(7) Repeal (d) with normal field excitation and tabulate as 
indicated. 

(S) Plot curves for each fraction of full-load current having 
inqirdam -0 mid self-induction respect)voly as ordinates with 
jKksiiions of arniatui'O throughout the half ]k>W pitch as 
ahflriran. 

Inferences.—State clearly all that can lie deduced from tho 
results of the test, and (uul the average value of the impedance 
and eel f ind notion, and tabulate sa follows — 
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W»m , , . 
AlUrmtor; Spot*! JT 


DAT* . 


Apt* Prrlodn fwr TVitro’ullofi K * , , 
_ Ktf 

Prtquimty n * - ■ .. . ^ [wr s.r. p - 2*jt = . 

Nstim »nd /onn of coil tHe«l. ■ * 



(6) Plot curves having values of h ami V a as ordinates and 
the corTPspondiuR currents A as absciss® in each scrios. 

Inference*.—“What can yon infer from yonr experimental 
results? On what does the self-induction of an alternating 
current circuit depend l Show how the formula givon for L can 
be obtained. 


Self-induction by Rowland’s Alternating 
Current Method. 

General Remark! —livery electrical conductor possesses three 
qnnlities, namely, (1) Electrical rttiebirue, which depends on the 
size and material of tho conductor. 

(2) Electrical capacity, depending on its surfsce and form, end 
on the specific inductive capacity of the surrounding media 
{i.e. dielectric). 

(3) Eleelrical inductance, which depends on tho shape and form 
of the conductor and on the mngnetic permeability of tho 
surrounding media, 

This last-named property may be of one or other of two 
kinds, namely, either the self -induction of tho conductor on itself, 
or the mutual induction of the conductor ami a neighbouring 
circuit os one another. , 

The quality (1) above is usually easily obtained, except perhaps 
in the case of electrolytic liquids, and this only iq one or two 
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methods; the other qualities aro much more difficult of deter- ' 
initiation, and almost numberless methods Ilivo been devised for 
obtaining them. 

In general it may be remarked that relrtliro or comparative 
measurements are moro iimirate tTifin absoluteonw, though the 
final rcsulta might be completely vitiated by comparing with 
an inaccurate standard. Tho former remark rceuUfl in the 
difficulty experienced in accurately measuring an alternating 
current, and from the fact that its E.M.F. wave may differ 
considerably from that of a si no curve. 

In employing condensers in methods of measuring self and 
mutual induction, considerable difficulty is usually met with in 
the phenomena of electric absorption, Trofcssor 1L H. Rowland 
has found that tins can bo represented by a resistance placed in 
series with the condcn^or, which resistance is a function of the 
square of the current l*oiiod. 


(127) Absolute Measurement of Self-induction 
(by Alternating Currents). 

Introduction. The following mothod of measuring tho sclf- 
inilnrlioli of a foil, duo to Professor Rowland, necessitates the 
employment of ordinary single phase alternating currents of 
electricity with nil ol retro-dynamometer specially constructed, so 
ns to be a* sensitive as possible. It is possible to mslto such 
an instrument, having its fixed end moving coils connected up 
to twu distinct pairs of terminals, that it will detect 0*0001 
nf an ampere with a self induction in the suspended coil not 
excciding 0*00073 henries, ami in the fixed ceil of not more 
than 0*0006 henries, capable of carrying about 0*1 ampere 
comfortably. 

Such on instrument obviates tho necessity for using large 
currents in OTder to obtain accuracy and sensibility. If (d) ™ 
the deflection of tins swing coil from zero when its plane was 
perpendicular to that of tho fixed coil, G x and = strengths 
of the alternating currents flowing through the movable and 
fixed coils and having on angle of phase difference 6. Then 

d oc C x C, «». 6. 
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The principle of tho present method consists in adjusting C x and 
C s to a phase difference of 90’, 

In deflection method* eoa, 6 is greater tluin 0, while for zero 
methods cos. 0 = 0. In the former the self-induction is obtained 
in terms of resistance and thb angulir velocity of the current 
V “ x frequency, which consequently requiro tliat (n) the 
frequency should bo constant and accurately known to at Icaat 
1%> ifl which case the Tesults will probably ogvoo to within about 
the fame amount. 

Apparatus. —The eloctro-dynamomoter, of which (/) is the 
fixed, and (m) the moving coil; non-inductive resistance r; 

Bnnrco of alternating current' 
and the self-induction L to 
be measured; Bwitch S \ rheo¬ 
stat Rh (non-inductivo). 

Observations. — (1) Con¬ 
nect up as indicated in Fig. 
133, placing L and a non- 
inr litctivc resistance It in 
series with the moving coil 
(i/r). and the combination 
ut a m*$ the terminals of a rc- 



siFtiiiico (r) in the main circuit in which the fixed c dls ara also 
placed. 

(2) With tho moving coil adjusted to zero, Rh at a maximuor, 
«ht*o S, and obtain a convenient deflection d by adjubtiiig Rk and 
the nor. induct Wo resistance R in the moving coil circuit. JsciLc 
this deflection (d) and the speed {„V) or periodicity («) of the 
alternator and the added resistance R in circuit with L. 

(3) Remove the self-induction (£) which is being tested, and 
add a non-inductive resistance to tho swing coil circuit such that 
tho same deflection (d) as before is reproduced. Note tho 
new resistance If in the circuit, the frequency («) ^^per sec, 
being the same as before. 

(4-) Calculate tho self-induction L tested from the relation 




-S) ( m-r) 


,_L_ JlK -H) {It + r) aacohms, 

2m 


*nd tabulate u fallows— 
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Kami . . Da71 . , . 

Alternator: rertodi i*or rerolutter, fa.,, p «= Sra. 

Bel f-M action tailed ! Nature , . , 


SjMrctl ol Alb-nuif or 

A ic?*. par. min. 

f'roiucijcy 

| IU#bitiiiee«. 


| Self-ltuliulton 

1 T ‘ 1 

R. : 

O'. 

<A 

1 T ( HdQll 

** | L. 




i 



1 


(5) Repoat 2—4 for different deflections (it) at constant fre¬ 
quency. Also for different fiequeueicB with, tlw same deflection, 
N.H.—Client care must be taken to keep tho frequency constant 
throughout any pair of readings. 


(128) Comparison of Two Coefficients of Self- 
induction (by Alternating Currents). 

Introduction.—When on uccurato standard known roll induc¬ 
tion is available the value of an unknown induction can be more 
accurately determined by comparison, for in this case the 
measurement is independent of frequency.* The following method 
due to Professor Rowland is a zero one, and is similar in mnny 
resporta to tho preceding method, though this was a deflection 
method. The effects of induction and electrostatic action uf the 
various parts of the circuit on one another must be carefully 
avoided as much as possible, and in this connection it should ho 
remembered that a twisted twin lead possesses tho latter quality. 

Apparatus.—Tho unknown self-inductions Z, to ho compared, 
with a standard L (known); non-iuductive resistances t, R, I? 
and rheostat Rh ; switch S j 
source of alternating current 
A’; eloctro-dynamoincter of 
which {/) is tho filed and 
(is) tho moving coil. 

Observations. — (1) Con¬ 
nect up as in Pig. lit I .the coils 
Z[ Zj being together, and 
adjust the moving coil to 
zero. 

(2) With 1th large close S, and adjust the current to a 



Fio. I ft. 
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convenient value, and adjuBt R, K and r so M to get no deflection 
of the moving coil for the currents in J and m. 

(3) Calculate tho self-induction iu teruin of the standard from 

the relation ^ - t and tabulate as follows— 

L x r 


Nash ... DatS . < . 

AlUira^or: Periods par RaTQlnUan p a I.i. 

B*ifindaction Iwt^l: Nature . ,. 


Speed of 
AltenuiVff 

w 

revu. perwln. 

FroqUeitcy 

KH 

%m w 

I’ftT WC. 

Known 

felMud. 

JL 

JU*jtf*nre£. 

Untie 

L'ukhomi HislMnrt, 

K. 

tf. 

r. 

il 

MKohm*. 

Mean 

Lv 










(4) Repeat 2 and 3 for different values of L, ft, R! and r nt 
constant frequency (?t). Also for the iuitnor coiu>t:mt at diffureut 
frequencies. 

Notea—When equal self mductious are being compared it is 
found that the accuracy depends only on the sensitiveness of I) 
to changee in (5 + K J, and tin's instrument may bo such that it 
detects differoncee or changes of 0 01%. 

If it is noticed that increase of frequency causes a diminution of 
tho resulting value of L v then tbe electrostatic capacity of the 
turns of tho coils un one another is averting itself and cannot bo 
avoided. Considerable care should be taken to avoid this source 
of vitiation as much os possible, and also that duo to heating of 
the conductors, etc. To minimize tbo former error, iua short 
fiimiil wire leads, somo distance aptrt, and nut twisted twin load. 

(129) Self-Inductions in Series and Parallel. 
Experimental Determination of Laws 
of Combination. 

Introduction.—An electrical circuit may contain any or all of 
the three qualitiee—self-induction, capacity, and ohmic resist¬ 
ance. The last-named is always present, anil may be combined 
with one or both of tho former. 

Let us suppose that no rapacity is present, then the circuit, 
whether consisting of several distinct portions either in series or 
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parallel, or a comminution of flics y, eaoli having it* own particular 
Bolf-iuduction and ohniic resistance, possesses on the whole one 
definite effective value of induction and resistance, which may be 
termed the “cowiSinsd, equivalent, or tfectivt" self-induction and 
ohmic resistance of that circuit composed of such detailed portions. 
In alternating current work it is of grout imjiortanoo to know 
the way in which various combinations of eelf-inductiona and 
ohmic resistances will affect the working conditions of a circuit. 
The present test is devised with a view to olaciduting these points 
for the three different forms of circuits or combinations, as 
follows—- 

(a) The self-inductions and ohmic resistances in simple series 
only. 



Kio. 135. 


(j9) Self-inductions and resistances txtrtlyinjmralhlani m sen's. 
(y) ,, „ n t'n jurrf* unit/. 

Apparatus.—Source of alternating eutreut, preferably an inde¬ 
pendently driven alternator D, the exciting circuit (not shown) 
and tho speed of which are under control; Siemens eloctro- 
dyniunotuelor (Fig, 351) or Pan’direct-reading alternating current 
ammeter A (p. 573); hot wiro or electrostatic voltmoter V ; non- 
inductive rheostat r (p. 595); switch S ; sped) indicator; four 
coils A—V to bo experimented upon, as nearly uliko as possible, 
and capable of being used with or without iron cores, which 
latter are also similar in all res poets. 

Observations.—(1) Connect up us in Fig. 1351., and adjust tho 
pointers of all the instruments lo soro, levelling such as require it. 
(2) Connect coil A (only) to IK (1.) and remove its iron core. 
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See that all lubricating cups are feeding slowly, then S being 
opm, stint D up to a convenient speed, ,V revolutions per uiiuut o, 
which must be lejit canstunl throughout nil tho tests, 

(3) With (r) at its maximum, aud the excitation low to start 

with as a precaution, closo S', anil adjust r and the excitation so 
as to give and full or maximum safe current through 

coil A successively at constant speed, Noto tiio reading of the 
voltmeter V and ammeter A simultaneously at each, then op n N. 

(4) Repeat 3 for each of the coils it, C and 1) singly witlioi t 
their cores. 

(5) Repeat 3 for the coils connected 2, 3 and 4 in sera's 
respectively, i. e. us in a. 

(6) Repeat 3 for tl>e coils connected 2 in series and 2 in 
parallel, i. c. as in f). 

(7) Repent 3 for tho coils connected 2, 3 and 4 in pumUel 
respectively, no iron cores being used in any of the eases above 

(8) Repeat 2-7 with iron cores in all caws, if possible 

(9) Repeat 2-8 vith on entirely different spued, and therefore 
frequency of alternating current 

(10) Measure the ohmic resistance of each of tho coils A — I) by 
a Wheatstone Bridge in the usual way, and calculate tho self- 
induction \L C ) of the coil or combination of coils from tbo relation 

whero 7?,« combined or effective ohmic resistance of tho coil or 
combination of coils obtained by employing the ortlinary 
for the combined resistance of coils in seiios and pnraHel. Tabu¬ 
late your results as follows— 


Nash . . , Dat* . .. 

AllfmaUir: ftpoed Km . » r.p.t*. Period* par Heroin, fa.. 

KK KK 

7r»iiicnej of the Current jj- * ,, , |>«r • r, p * ^ •* . . * 
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I for pure aeries combitiatides such as (a) Fig. 135 show that 

J “ 7W+^ 1= 4^+ h + A + ...)V'+pti + + /<, +..." 

or generally that ^ “ ,/{S£)V + (5 #)’j “nil therefore that the 

total cffoctivo self-induction £,=.sum of the individual self, 
inductions composing the circuit. 

If. For series-parallel combinations euch as iji) Fig. 136, show 
that 

~~ jWf+MJ 

- j(L, + MZ +(\+g j & +wi± <*« ± M 

HI. For pure parallel combinations such as (y) Fig. 135, show 
that 

whore / is the impedance of each parallel branch. 

N.B.—In the presont test it is assumed that the coils are 
incapable of having any mutually inductive action on ono another, 
and consequently thoy must bo arranged not to have such when 
making the test. 


The Electrostatic Capacity of Electrical 
Wires and Cables. 

General Remarks.—The condition for obtaining an electro- 
gtatia capacity is the passage of a quantity of olactricity into one 
of two conducting bodies which are separated by an insulator. 
Such an arrangement constitutes what ib commonly termed an 
electrical condenser, the two conducting bodies being called the 
"coatings,” and the separating insulator the “dielectric” of the 
condenser. Now it will be obvious that any insulated electrical 
wire or cable in contact with earth or its equivalent will form a 
condenser, the inner conductor or wire and earth being the two 
coatings, and the insulation of the cable the dielectric. In the 
case of an insulated cable possessing only one core, whether 
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oonfliating of one witc or a strand of wires, wo shall obtain one 
particular definite capacity with a definite position of the coble. 
In other words, the capacity will depend on the geometrical form 
of the wire, bo that if it was coiled up in a tank of water the 
capacity wo Ad not bo the same us if it was laid out straight od 
the ground. 

The actual value will depend in addition on the length and size 
of cable, and on the tliickness of the insulation ami its spodfic 
inductive capacity, The latest forms taken by cables 1° which 
one conductor completely envelops another, but is insulated from 
it by a fairly uniform stratum of insulating material between tlie 
two, possess this property of having art electrostatic capacity in 
a more marked degree tlian tho simple form mentioned above. 
Such a concentric cable, as it is termed, fweseasos a definite 
capacity per unit of length, and which is independent of how the 
cable is placed, f. e> whether coiled or straight. For continuous 
currents the capacity of cablefl or wires is of no practical import' 
a nee, but for inter/rttilenl or altcmaiitif currmlx the case is 
otherwise. In submarine telegraphy the cablo baa naturally a 
very considerable capacity, while the current is intermittent; 
consequently when the circuit is closed so as to send a message, 
the cable has first to be charged hy the sending battery before 
any current arrives at tho reooiviug end for actuating the receiv¬ 
ing appliances. This may take some seconds, depending on tho 
length of cablo, i, 6. on its capacity. Tims tho effect of capacity 
in such an instance ia a detrimental one, giving rise to what ia 
called " inductive retardation,” and diminishing the spoed of 
signalling. Hero, in the above instance, wo hove the case of a 
single cable stranded conductor of which tho copper core forms 
one coating, the iron sheathing and water tlie other. 

"With concentric cables, it has already been remarked tnat their 
capacity is greater than with single cables for equal lengths and 
section of conductor* in the two cases j but the former possess the 
advantage that whereas t bo “out ward” and “rut urn" leads we very 
close together, in fact one encircling the other, their inductive 
action on telegraph and telephone wires in tho vicinity is practically 
nil t as the external magnetic field produced is very small. This 
ia of groat value in alternating current distribution, for since tho 
magnetic field produced by suah current* alternates rapidly in 
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direction with the alternations of current, the inductive action of 
alternate current cables on such wires would otherwise be great. 
The capacity of a ooncentric cable can at once bo calculated from 
the analogy to a cylindrical condenser as follows— 

Assuming the two conductors to bo both concentric and cylind¬ 
rical, let 7t=mdius of (he inner surface of the outer conductor 
and r = radius of the outer surface of the iuuer one, and also lot 


L - length of cable in jiontimetres. Then its capacity in farads— 


2-113 


KL 


19“ R - log 10 r 

where K•= specific inductive capacity of the dielectric or insulat¬ 
ing material, which for papers I'8G about, for india-rubber 
(pure) 2-34, vulcanised 2-94, for gutta-porcha 4-2, and resin 2-55 
about. 


It may ho noticed that since (log 10 fi - log 10 t-) - log la — the 

units in which the radii are measured is quite immaterial, so long 
n* Uio same is employed for euch; tho diameters I) and d corre¬ 
sponding to R and r, may be used instead if we like, whenco we 
shall have tho 

2-413 Kl ... 3-413 v LK 

P 3 IIP log 10 A /r 10 7 leg,,"/, 

rodm'iug this to Mfrta. per mils (statute) which = 160,1)33 cme. 
. r. 2 413 xUiO,933 K K \ Mfds. 

*' pu:l lli 7 * iogioYs"25 75iog7J per mile. 


Microfarads 


Tho capacity Gin midily bo moasurod by moans of tile “methoil 
of mixture*" duo to Lord Kolvin, and which is one of the best 
for the purpose. A complete digost of this ami other kindred 
methods will bo found in Practical Electrical Tenting, p. 182, 
by tho author, and they will nob therefore be ropoated here. 

It may, however, be remarked that in testing the capacity of 
electric light ami other cables by this method of mixtures tho 
E.M.F. omployed may conveniently bo about 100 volts, and 
referring to Fig. 82, p. 184, of the above-mentioned work, the 
nsHimoo AD If might be 100,000 ohins, and D connected to earth 
or tank if a single conductor cable is being tested. If it is a 
concentric cablo this will nob bo immersed, and its two con¬ 
ductors at one end must be carefully insulated, while their other 
ends will form the two terminals of tho capacity to be total. 
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(130) Measurement of the Electrostatic 
Capacity of Concentric—or Ordinary— 
CaMes and Condensers. (Alternating 
Current Method.) 

Introduction.—When au nltcriia ting current K.M.F. is placed 
across a condenser or, say, a concontcio cable, a certain measurable 
alternating current flews into tbs condenser or cable, oven though 
in the latter tlie two conductors aro quite free of all connections 
to lamps or any other applianco throughout their entire Ieogtli. 
Moreover this current, which is Billed the “ capacity current ’* of 
the cable, is not iu phase or step with the periodic impressed 
but lead* in udvunce of it, and constitutes what is called 
a Wattless or idle current, to distinguish it from the load or t ireful 
current which would flow in the cable when lamps or other 
appliances were switched on. In other words, it represents waste 
energy in the copper of the mains so far us the utility of the 
current is concerned, and the clloct is always present with 
alternating currents. Thus it becomes of importance to kuow 
this idle or capacity current in order that its flow in the oablo 
may not bo mistaken for leakage current when no apparatus is 
connected to the cable. 

It should also be noted that this current is out of step or phase 
with the main current. 

The value of the capacity current iu any cable can be deduced 
when certain constants ore known. Thus— 

Let A = virtual or s/mean square value of tho capacity current 
in amperes, 

V — virtual or ./mean square milne of tho E.M.F. impressed 
in volts, 

between tho two conductors. 

C *- capacity of the cable in farads, 
and p “ 2mi where n = frequency of the alternating current in 
periods per second, 

Y 

then d — -j - CpV amperes, 
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being the effective resistance to the passage of the current or 

rcitctanc* of the cable or condenser. 

Jf C is in microfarads per mile uml ^ —length of cable in miles, 
^ . CLVp 2 *nCLV 

then A = - 1()(> ’ = amperes, 

i „ 1°'^ rJ 

wiieneo C — mfds, per mile. 


Tiie present test is H very practical one find ran nearly always 
bo applied if the working pressure Kis available. 

Apparatus.— Cablo or condenser to be tested (6'); either a 
Siemens electro-dynamometer, hot wire or Parr am motor A (p. hi"), 
ouch of which will correct- l 

ly measure the \/(lDean}' J ^ T '* i ! { t >, 

value of the current; an f ’. I r T \ C ^ 

electrostatic or hot wire 1 ^ t 

voltmeter {V), preferably 
the former; kirliomoter A 

for measuring the speed 
of the alternator Z>, and 
from it deducing the value of («)* switch $. 

Observations.—(1) Connect up as shown in Fig. l.'bi, and adjust 
the pointers of V and A to zero, carefully levelling them if 
necoBsary, 

(2) Carefully “free ” and insulate the/hr tout of tho rublo, anil 
prepore tho new end so *is to make contact with tho two 
conductors 7 and II. 

Vote.—If a condenser is being tested I and II will now be ite 
terminals. 

(3) Close S, and with /) running at constant speed take some 
six or eight widely different values of V by altering thn excitation 
nf ]), and note the corresponding values of A himultaueoualy 
with V. 

(4) Next run D at six or eight different epoods, keeping V 
constant by altering the excitation, and note the corresponding 
reading on A for each speed. 

(6) Calculate tho capacity tested from the relations— 

t — y^vn En ^ 9, * 0r a con ^ 8na0r « 


x i—r a-— -— ^ 

I 


Fra. lift 
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C -j p,— mfds. por nulo for a cable, 
and tabulate os follows— 


Ka« *.. Data . *. 

Ctbta feitd: Tjpft . . . tffilo'r».« Stia . .. limitation»., 
Coruknwr: Type . « , , , ■ Ointi'driG , . . 


Luu^tii 

Cubit 

a) 

lintel. 

V 

AlL-r- 
n 11 tor. 

U 

h 

a! 

a 

"5 

* 

n 

!i* 

Gamut 

Cnpfttity of 

? 

ih 

c 


& . 
V 

0 a 
U" 

fi 

* k 

■SB, 

0 

1 1 

i l 




{131) Measurement of the Electrostatic 
Capacity of Short Lengths of Submarine 
and Electric Light Cables. (Kelvin Dead 
Beat Multicellular Voltmeter Method.) 

Introduction.—The effects of electrostatic capacity in * cable 
on the intermittent or alternating currents flowing in it have 
already been mentioned (vtJ« p, 370), consequently it is denitnbte 
to obtain tho value of its rapacity. ITin fallowing is a convenient 
and accurate method of measuring the rapacity of any insulated 
conductor comprising a short length of submarine, telephone, 
telegraph, or electric light cable, and its groat advantage lies in 
the fact that it )9 applicable to short lengths. 

The method, which is very analogous to tho “Siemens sub¬ 
traction method,” except that only one deduction is mado, consist* 
in charging a standard known condenser to a measured potential 
and observing tho fall of this on connecting tho cable m a 
condenser in parallel with it. Tho condition for maximum 
accuracy, t.0. when a alight error in reading tho dimmishoil 
value of potential has least effect on the dual result, lias been 
shown to be when the standard capacity in equal to that of the 
unknown, or when the diminished potential « half the original 
value. 

For accurate wort it is necessary to employ two or three 
email corrections—one arising from the multicellular voltmeter 
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possessing a small capacity itself which varies with the deflection 
of the suspended noodle vanes, being less for smaller deflections. 
It is of tho ordor of abont 10"* mfd., and in most coses can b6 
neglected in comparison with tho capacity of the standard 
and cable to be tested, at least when these aro of tho order of 
0-01 infd. or greater. When, however, extreme accuracy is 
required, tho pdontial-capacity curve of the voltmeter, which is 
supplied by the makers, must he referred to, and the capacities 
of it, for tho deflections obtained, taken into account. 

Another correction is for loss of cliargedue to leakage occurring 
in the voltmeter, condenser, and cable; since during tho time 
taken for tho noodle of tho multicellular to couio to rest after 
cutting off tho battery or charging K.M.F. and putting the cable 
in parallel, the potential may hove fallen owing to leakage. 

It may therefore 1 k> necessary to determine tho leekago of 
the voltmeter, cable, and condenser, which can be done as 
follows ^ 

(a) Charge tho voltmeter to some conveniently large potential, 
and take readings of ftoleulitil and time after disconnecting the 
charging source. Then the curve plotted with potential as 
ordinates and limn as abscissa* shows tho rate of fall of potential 
lit any tirno after the disconnection of tho charging source. 

(ft) Join the voltmeter and standard condenser in parallel, and 
rejent the preceding operations. Then the leakage from tho 
condonsor will be given At Any time by the difference of the 
ordinates of the curves in a and b. 

(c) Join tho voltmeter and cablo in parallel and again repeat. 
From these results leakage of the cable can be found at any time 
by subtracting tho ordinates of tho carves in a and <t. 

Preparation of Cablo Ends.—The free ends of the cable 
should ho bared of the outer insnlation down to tho pure rubber 
for a space of somo 2^*, and the rubber itself pared or tapered 
with a clean sharp knife for a length of about 1J" from tho 
end; the ends should be carefully dried over a spirit inmp. 
One end should then be repeatedly painted with melted paraffin- 
wax (for some 31' from the end) heated to a temperature not 
exceeding 100* 0. by means of boiling water. Tho other end of 
the cable after having a short well-insulated gutta-percha wire 
soldered to the copper core should be treated in a similar manner. 
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Tia. 137. 


This method of preparation if carried out carefully will prevent 
all end leakage. 

Apparatus.—Kelvin dead heat multicellular electrostatic volt, 
metar V (Fig. -40) j Kolvin standard air ley don or condenser C 
(p. 616); cablo L to ho tested 
immersed in a metal-lined 
water-tank T ; highly insu¬ 
lated two-way key K (p. 5Kfi); 
battery li giving an KM.F. 
of something like 100 volts; 
and a film fuse F to act oe a 
safeguard in case of accidental 
short circuit in the condenser 
or voltmeter. 

Observations. — (l) Care¬ 
fully prepare tlm ends of the 
cablo as indicated above ami 
immerse the cablo in the tank 
T t taking core not to allow the 
prepared ends D and d to got wot; theso must be trainod up 
out of the water. 

(2) Connect up as in Fig. 137, taking care that the insulated 
terminal I.T\ of l>otli F and C aru joined as shown. Adjust tho 
pointer of V to zero if necessary and see tliat a Hue fuse 
is in F. 

(3) PreBs K to 2 to clinrge F and C f and note the reading F ^ 
on tho voltmeter when stftidy and tlion release K. Now observe 
the reading for one or two minutes to aeo if there is any sensible 
loss due to imporfect insulation in V or G, and if so, whether it is 
small enough to neglect. 

(4) Close K to 1, and in fifteen to twenty seconds, which is 
usually long enough, note the steady diminished reading F s on 
the voltmeter. 

(5) Repeat 3 and 4 with different charging E.M.F.s, and 
calculate the capacity of the cable L from the relation^ 

'a 

trier* C, - standard capacity, in (hie caao 0 0025 mfd.,*n<l A", A", 
the capacities of the voltmeter at potentials V t and V r 
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H4W» . . . Datv , , « 

BtnTxUrd Capacity: Typo , , , Capacity - . . . mW<. 

Cfcblo tested ; Typo . . . length (/). . . IiitulftlAm « 4 ■ 






(132) Measurement of the Electrostatic Ca¬ 
pacity of a Concentric Cable Ballistically. 
{Standard Magneto Inductor Method.) 

Introduction.—When some standard form of magneto inductor 
is available, lho form devised by Dr. W. Ilibbert being <1 very 
rmivenient and easily manipulated one, the capacity of a conecu- 
tiic or other electric light cal do cun bo readily determined, pro¬ 
viding a few other additional pieces of nppamtua aro available, 
Tho reader should noto the general introductory remarks on p. 
:Ui9 coiuwnjng tho capacity of cables in general, and also those of 
tlm alternating current liictlmdof mensm ing the capacity of cables, 
Tho present lest can bn employed for finding the capacity of 
cables in tanks and of ordinary and conceutric mains. As, how¬ 
ever, the former aro best 
tested by tho “ method of 
mix1 111 ^” (p, 1171), wo shall 
here only consider tho test 
of a concentric cable by this 
inductor method. 

Apparatus — Standard 
inductor to bo tested l 
(Fig. l.’W)j sensitive kdlis- 
tic galvanometer G\ con¬ 
centric cablo to be tested 
Cj of which F is the five 
and woll-intmlntcd end, X 
the inner conductor, and 0 the othor; box of known resist¬ 
ances r; battery B, of known E.M.F., or, if this is unknown, 
a standard .voltmeter to measure the P.D.; two-way Bpricg 




378 


ELECTRICAL ENGINEERING TESTING 


topping-key K (p. 588}; ordinary spring topping-key K t ; damp¬ 
ing-coil with its cell and key. 

Observation!.—(1) Connect np as in Fig. 138, and adjust the 
galvanometer needle to zero, carefully prepare the free (far) end 
of the cable, viz. F, in the mnnnor described on p. 375, and also 
the (near) end as well; by so doing the vitiation of tbo results 
from leakage across tbs cable ends will be avoided. 

(2) AT and A'2 being opon, adjust r to a low value, such that 
pressing K* nearly a full-scale throw ri, is obtained on slipping 
down I. Note this value of <ij and tbo box resistance r ohms. 

(3) K t being open, adjust the voltage of the battery B to such 
R value that on closing K2 for two or three seconds, then open¬ 
ing it, ami immediately closing A'l, a first throw d n is obtained 
on discharging C, as nearly as possible oqunl to the former. 

N.B,—Two or Lhroo throws should be token in both 2 and 3, 
and the means noted as being more accurate, 

(4) Obtain the mean throw on tho charge in a similar way by 
first closing AT for a few seconds so as to completely discliarge 
(7, and then opening it and closing A'2 afterwards. 

Kate.—Care most be taken that 0 is ouch time discharged 
before taking the charge throw. 

(6) If possible employ three or four different voltages and 
repent 2 and 3 with oacli of them, keeping tho deflections rfj 
and do about eqnal to one anothor, preferably by varying r to suit, 

(6) Calculate the oapaeity of the cable tested from the relation 
„ FN do , 

c -m rR-* micrufa1 ^ 

whore F = total magnetic flux in the air-gap of the inductor and 
R — total resistance in ohms of the inductor circuit. 

Tabulate as follows— 

Niki . , . T)*t« . ., 

fjtordsnl inductor ■«.; t»irn» If m k , . * rwshtirce r A ■ , , . uliiii n. 
fldvtatmttftr nr'hlance <?«... ftliipit; Total Mm F= , , t c.CIA Unas. 

Guide tentedt Type . » . Maker . . „ 

Length <& CWblo (•>,,, tnile*. Hoot tom (for n fen nee only) a . . . sq. hill. 


{ Kern bit 
throw*. 

RtaliUr.ee In Otime. 

P.D. if 

CarxeEtf <o 

Mean 

CtJAcItjr 

c. 

1 

I Cijwlty of 

1 Cable Jd 


| 

Imbox 

r, 

ToUl 

fi« r +r a + ff.| 

r* 

6. 

per io lie 

qi. 


i 





1_ 
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Inference!.—Show how tho relation given in fi ean bo ob¬ 
tained, and etato any uaranoptionB made in obtaining it. In any 
correction required for greater accuracy in the relation for CI 

(133) Measurement of the Electrical Power 
absorbed in Alternating Current Inductive 
Circuits. (Three-voltmeter Method.) 

r 

Introduction,—The measurement of alternating current power 
depends on tho nature of the external circuit. Thus, if this 
c/Vc(fi’< is non-iftdfirtic*, then the true power W =» amps, 
(.d) X volts (F), the former flowing in thu external circuit ut 
a terminal potential difference (V), 

If the circuit in inductive, wd every circuit w to some slight 
drgivo, then )V = A V cos where 6 » angle of phase difference 
of tho current A behind tho voltage F and thu product (A X V) 
Is called the tipjmrent jjowvr absorbed. 

The meoaurcincnt, therefore, of this electrical power arrumtoly 
is more dillicult than that in the case of a direct current circuit, 
uwing to the effects of self ami mutual induction and capacity 
which appear in alternate-current (A-C) working. In sucli a 
c.iflo a Wattmeter may t« used, hut it must he practically non- 
inductive to give accurate res nils. Another method to employ, 
winch will givo accurate results even though most of the circuit 
is highly inductive, is that known as the * thrm-voUmtfr 
nutlJtotl** and it lias the advantage that only one A.-C. voltmeter 
is required, though three similar ones may be used if available. 
By it tho trm power absorbed by the circuit may bo obtained 
with any degree of accuracy desired by using an accurately 
graduated voltmeter, and by carefully repeating the readings 
two or three times and noting the mean in each case. 

The three-voltmeter method, which was simultaneously sug 
gested by Prof. Ayrton, Dr. Sum prior and Mr. Swinburne, gives 
a tine measure of the power given by any current* whether har¬ 
monic or otherwise, to any circuit, inductive or not. It has the 
disadvantage that, as the differences of squares of quantities is 
being taken, a small error in the quantities themselves may mako 
a considerable error in tho final result, especially if the angle of 
lag 0 is lmrgp. 
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The voltmeter ueed must be such as will not niter tho voltage 
across tho points to which it is applied, Tn ollux words, it 
uniBt liavo a high resistance compared with that hetween these 
points. 

An electrostatic voltmeter most accurately fulfils this condition, 
but if a hot-wire voltmeter is used (of relatively low resistance), 
the main current must be larga compared with its own current, 
or an error will thus bo introduced, 

"With this apparatus we arc in a position to investigate the 
following important characteristics of an induetivo circuit formed 



by, say, a choking coil or the primary of u static transformer, 
etc,, ntnnely— 

(1) Tlio true pouxr alworbcd in the whole ami each part of the 
circuit. 

(2) The angle of phase difference between th© current auid 
both the supply and choker voltages. 

(3) Hie impedance, ohmic, and inductive resistances, and self- 
induction of the choker. 

The vector diagram for the circuit PR is that shown in Via 139, 
and is constructed as follows: net off a vector oa eijwil to tho 
total voltage V across PR to any convenient scale. With mdii 
Vj and ha ^ and centres o ami a respectively, draw 
area intersecting at 6, join b to o and a and produce ob to meet 
a perpendicular from a in the point c, Then oba is the triangle 
of E.M.F.a for PR, and loa tliat for PQ where r x and L are 
the ohmic resistance and self-induction of the jnductivo portion 
rQ. Since QR is non-inductive, the current A and voltage V t 
are always in phase, and hence by Ohm’s law V x = At where 
(r) is the ohmic resistance of QR, And' oc will be coincident with 
the current vector. Thus $ will be tho angle of phqae difference 
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between the current (d) and total voltage 7, wliilo 0, will bo 
that between A and the voltage 7 V 

Kota .—Kirora in V, V x or V.# or in. tho graduation of the volt¬ 
meter Bcalo, will lmvo least ellcct on tho result whim K 2 — Y ^ 
which is the condition for maximuin accuracy, and the resistance 
r of Qli should limt bo adjusted if possible to obtain this 
condition. 

should the non-inductive resistance Qli not bo accurately 
known, or bo likely to alter in value through beating due to 
the passage of Iho current A, then its equivalent in terms of T s 
and A can be substituted in tho formal:. Hence, if A is the 
Jmoeni square current in amps as given by a Hiemena dynamo¬ 
meter or other clirout reading alternating current ammeter, we 
shall have 


IK=2^{f 5 -K 1 ‘+ 

for the truo mean power given to tho whole circuit PR, QR may 
consist of a Lank of electric glow-lamp^ as the resist once r of 
QR can vary if it likes with the difforont mean currents. 

It cun cosily he shown, in liko man nor, that Lho true mean 
power given to lho inductive portion PQ of tho circuit is 


)V - i .{ r - - n s ->v} - fyj ?* - v,»- v /} 

Tho method is not limed on any assumptions aa to tho nature of 
the current (whether periodic or otherwise) or of the circuit, which 
may contain either seif or mutual induction, and capacity, or all 
tlireo. It is based solely on the difference in phase between the 
enrrout and voltage. 

IF 8 = angle of phase difference or lag ef the current behind 
the voltage, then if both arc sine functions 


cos. 8 i 


V s - K,* 

*Wt 

Apparatus.—Alternator D and its exciting circuit; inductive 
portion I‘Q of the circuit in series with a strictly non-inductive por¬ 
tion QR; two 2-way keys (AT, and A,) {p. 687); an A.-C. 
voltmeter ( V ); main switch (£); A.-C. ammeter [A). For 
comparison of methods, A may be usoii, and also u non-inductive 
Wattmeter W for measuring directly tho power used up in til. 
Frequency meter / connected across tho supply L). 
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In the electrical circuit of the motor Af may bo used n volt 
meter V M \ ammeter < 1 ^; switch Ng\ rheostat ll M ; source of 
continuous current E, 

Experiments,—(1) Connect up aa shown in Fi£. UO. Adjust 
the pointer of all tho instruments to sore, levelling such os 
need it. 

(2) See tlwt all lubricators in use feed properly, then start Z>, 

running slowly, 

(3) Adjust its fl^ecd so nx to get J of the max, per sec., At Lho 
sumo time varying the excitation uf D to alter its voltage (K}> bo 



as to send a convenient current (.d) through PQ. Note A, and in 
quick succession (thu KjHied boizig constant) the voltages V, Y t and 
r jt across FR t PQ, and Qli. (Bcu Note above.) 

(4) Repeat 3 for about 5 frequencies between the max. and 
min. values possible, using the same current A in each case by 
suitably altering the excitation. 

(0) Repeat 3 at a comlant frerpwncy of atmut norma} for five 
different current values, lining by equal increments up to the 
maximum allowed, by varying the excitation. 

Tabulate your results os follows—- 
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Fonr. of Inductive Circuit PQ teste* 

„ Non-Iml. resistance QJi used . . . 



(G) Plot curves having values of A as abscissas with values of 

y , 

Fjf cos Ox, X, -- and w/, respectively, for the inductive purtion 
A 

PQ as ordinates. 

(7) Draw the vector diagram (Fig. 139) for tho maximum 
current used. 

(8) Compare V with the algebraical sum (\\ 4- V 2 ), also W 
with w. 

Inferences.—Prove the formula in column 7, and state any 
assumptions made in deducing it. What can be inferred from 
tho results of the test and from tho curves? 

(134) Measurement of the Electrical Power 
absorbed in Alternating Current Inductive 
Circuits. (Three-Ammeter Method.) 

Introduction.—This method, though inferior to that of the 
Wattmeter, is nevertheless instructive, and therefore a brief remmt 
of it will bo given here. As will be seen, it is very similar to the 
3-voltmeter method of measuring power, the formulae in tho two 
cases, being strikingly similar. There is, however, one chief 
difference between the methods, namely, that practically three 
ammeters are, necessary for a satisfactory test, as large errors 
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may occur if only one ammeter is employed and interchanged 
between the circuits, while in tho caw of the allied method one 
voltmeter can easily be made to do and no appreciable error 
need be introduced. Tho actual arraugement ft shown in Fig. 
141, in which PQ represents the circuit in which it is desired to 
measure the power taken up, A, i, and are three non inductive 
ammeters, at'least A L should be of tins nature, while (r) is a non- 
inductive resistance connected 03 shown, aud which is large 
compared with that of A { 

—i—(Ay-iP GivatcHt aceur.iry will be ub- 

jp L tamed when A l = A 9 and 




'(XT' 


S.- 


y; 




and 


^ under lh<^e condition* it will 
bu seen that (r) consume* 
3 nlxjut as much power us Q. 
f lirlico twice oh much power 
Q lias tx> be available Eit tire 
Fio, 141, suui*eo for operating thin 

method 33 is taken up in 
PQ, but practically no excess voltage is needed in this caw a* 
it was in tho 3*voltmeter method. If Wj = tho power in Watts 
absorbed by PQ, then 

- V ~ 

- aij/i,' 

where ^jtsanglo of lag of tho current A^ in the inductive 
circuit PQ behind tho terminal voltage. 

It will thus be seen that the method is based on the difference 
of phase of the various currents, and, as in tho 3-voltmotor 
method, & small error in observing the currents introduces Urge 
errors in the answer. The possibility of such occurring can he 
minimized by using accurately calibrated non-inductive ammeters 
and taking the mean of throe or four similar readings at each 
value of, say, A, If the value of non-inductive mdstaace (r) is 
not accurately known, or if it is liablo to alter through heating due 

V 

to the passage of the current, then its equivalent value — may 

A; 

bo used instead in tho formula, whfch will therefore become — 
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whorQ F—the voltage across the extremities of FQ, There is 
no objection to using a bank of incandescent lumps for (r), since 
the resistance may vary if it likes with the different meui 
current strengths. It will bo observed that if the resistance of 
A z is appreciable, an amount of power may be absorbed in it 
which is comparable with that in FQ . In such coses the former 
must bo deducted from the result as given by the above relation 
in order to obtain ihojbvtio power absorbed in FQ alono. 

If (r) is accurately known wo may disjKu.se with A : and put 
(r) directly across tho mains, then on placing a voltmeter (prefer* 
ably an electrostatic One) across tho mains as in the last inafcauco, 


wo may substitute tho value of A t in tho first formula when we 
shall have 




Tho preceding remarks will be understood more clearly from 
tho vocLor diagram, Fig. 112, for tho circuit of Fig. Ul,contracted 



Fio. 143. 


as follows: set off a vector ca equal to tho total current A in 
tljo main lino to any convenient scale with radii t^^^jonil 
la = A 2 and centres o and a respectively, draw area intersecting 
at 6. Join b to o and a and produce ob to meet a perpendicular 
from a in the point e. Then cha is tho vector irianglo of 
currents fur the main and both branches altogether, while bca 
is that for the inductive branch only. Sinco r is non-inductive, 
LU current A^ and voltage are always in phase, and henoe by 
V 

Ohm’s law = — If /? equals tho ohmic resistance of PQ 

t 

and L tho self-induction, then the energy or magnetizing 
component of tho current -4, in PQ which is in phase 

V 

with the voltage od across it, in be — while the idle 
or wattle® component of the current in quadrature with tho 
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voltage V ii m, Tlic angle of phase difference botween the 
main current A and V will be 0, and that between A % and 
tlie same voltage l r across PQ will bo Q v 
From the geometry of Fig. 112 wo see that 
2AA ) tiOi$ i 
V 

but A x = - by Olun's law, and 

^ 2 = = -1= + yl 1= ~ 2/1'-.w 5, 

ami d reos 6 = total power given to the whole parallel circuit. 
/, the total power absorbed in tho whole circuit is 

w ~ r X or — *,(d* -f- A — Af) watts, 

tbe power absorbed in the non-inductive branch 
ic 1 ! = — A X V watts, 

and the power absorbed in the inductive branch 

ir s = r X lx = r AA* - Af - /i, 3 ) 


where the power factor for the whole circuit = 

cwa ~ ‘1AA, 1AV ' 

and the power factor for the inductive circuit PQ = 

a ±=Al=AI k ^- v - v ) 

In tliie tlircn-nmmeter method tho non-inductive parallel 
branch is equivalent to an added current, while in tho three- 
voltmeter method tho non-inductive series resistance means an 
added mliayt. Both methods, therefore, require tho supply of 
practically twice an much power as that needed for the circuit 
under test. Further, tho losses in the ammeters, voltmeter, and 
wattmeter may cause serious errors in the results if the currents 
arc small. For the above reasons, no one would use cither 
method for measuring power if a wattmeter was available, 
except from a purely scientific interest. While tho power 


absorbed and plmsc difference may lie calculated in each method 
from tho vector diagram, constructed for each set of readings, 
it would usually be obtained from the respective formulae. 


Apparatus.—That indicated in Fig. 141, where D is an adjust¬ 
able source of alternating current, preferably a ,motor*driven 
alternator, the frequency, current and voltage of which can be 



'Yoitugo'r. 
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varied independently. A voltmeter V is connected across the 
parallel combination, and n wattmeter inserted so us to measure 
the total watts absorbed in tlic parallel combination merely for 
the comparison of tiro three-ammeter and wattmeter methods. 

Observations — (1) Connect up as in Fig. HI, levelling and 
adjusting to zero such of tlio instruments as need it 

(2) Hcc that all lubricating arrangements are in operation 
on starting up. 

(3) Adjust the speed to get maximum frequency, mid also llio 
voltago V of the alternator (by varying its excitation) no as to 
send the maximum safe current /f t ill rough PQ, and note in 
rapid succession the reelings of A, A v \\ T and l 7 . 

Not®.—If possible) adjust llio non-inductivo resistance r bo 
as to obtain the conditions for maximum occurncy (other things 
being tbe same) of Aj = 

(4) Kepoal (3) for about six. different frequencies between the 
maximum and minimum valuer possible, using the «w«c n trrint 
jt| in each ease by suitably adjusting the speed anti excitation 
nf tbo alternator. 

(5) Ilepeal (3) at constant maximum frequency for about six 
different values of current between tbe maximum and 
minimum values possible by varying the excitation, and tabulate 
your results as follows— 


form of liiductirl Cirfnlt PQ UsUn! . . » 
„ Sfiiji -K .l KtM%Unia r uvl , . . 
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(C) Plot curves liaviug values of d, as abacissjn with values of 

7, cos t v L, — anJ ir„ respectively, for tho inductive portion PQ 

A, . 

os ord males. 

(7) Dr? v tlio vector diagram (Fig. 143), for tho masimutn 
current used. 

(8) Compare the volne of A with the algebraical sum /I ; 
also W with to. 

Inferences —’What con you infer from the results of the tent 
and from tho curves 1 

(135) Measurement of Power in Three- 
Phase Alternating Current Circuits. 

Introduction.—The measurement of the electrical power 
absorbod in a 3-pliase alternating current circuit might well at 
first sight appear somewhat complicated. In reality, however, it 
ia very little more so them in the ertse of singlepbaso circuits 
ami tho actual extent to which it is, depends mainly on the 
nature of the circuit in which the measurement is being made. 
It lias already boon seen tliat tho non-inductive 'Wattmeter 
forms tho best means of obtaining the true ftotver absorbed in 
a singlo-phaso circuit, but with multiphase circuits usually, 
though not always, two such instruments are necessary. 

The object consequently of tho present investigation la nob 
only to slate the methods of measuring, but rIbo to prove the 
truth of them under the several distinctive conditions mot with 
in practice. 

Tho circuit in which the power has to bo measured may be of 
the typo shown at («) big. 11 '!, which is known os the star or 
open form, or of tho type shown at (6) Fig. M3, known aa the 
mesh or dowl form, (c) represents the circuit containing the 
measuring instruments, which may bo comicctod to either (a) or 
(6) arrangements at will, E being tho source of polyphase supply. 

Now lot A l A 2 A i and o L a 2 <ij bo the yf mean square valuos of the 
currents flowing in the mains and branches respectively for Fig. 
U3{fi tndc), also V l V t V^ and y 1 v t Vj the same values of voltage! 
across the mains and branches respoctivoty for Fig. 143ft and c); 
then if tbo mains are equally loaded we bavo-— 

and »\ and V x ™ F|, 
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whence = 2n t sin. 60“ - ,/Srr,, and A =■ n /3<i, since the mains 
are equally leaded and tho laid non-inductive. 

ForFig. «nd o) wo hare, if vf,and —JE, = iF a , 

that vf,—Bp yi s = a s and d .=>«,, and since V will now lag 30' in 
phase behind 7, in each main and the corresponding branch 
circuit, we have V = 2rsin. 60* = ^3i' p providing the load it non ■ 
tnrfucltve. 

CmOUITS EQUALLY QOADKD AND NnN-[XDCCT[VEL — Hero if eaeh 
main curries tho sama Current A, and if the pressure between 



a 



each pair of mains-" V, then tlio True Puwcr absorbed in a non 
inductive lend, Fig. (J) 


r-3«i=3v4_ 
-J 3 


JiAV Watts, 


True Power alworbwl in a non-im)active loud, Fig. (n) 

V 

W- 3aJ'= - Ju V Watts. 

If, however, tho load is inductive, then if 6-anglo of phase 
difference between voltage and current, we have, as in the ease 
of single phase work, that for equal load tho True Power absorbed 
in the inductive load, Figs, (a) or (i) 

h-' Jo A V cob. 6 Watts. 

This latter can best he obtained by means of the lien inductive 
Wattmeter for each of tbo two following conditions mot with in 
practice. 

CmoClTS EQUALLY LOADED AND INDUCTIVE—ONE WaTTKLTPB 
ONL^needed to obtain the trwpnvtr. Assuming this to be IF,, 
Fig. 14 life a) or (c 4), then with the tliick coil in any main (d, sav, 
as shown) note the Wattmeter reading (in,) with its fine coil on 
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to main A v and the reading (wJj) with it on to main A t imme¬ 
diately after, then t lie True Power absorbed in llm equalh/ loaded 
inductive ciivuit 11' ir % ± ir., where both » 0 j and ic t will vary 
with load and power factor. 

Tlie reason wliy ?rj or alone dues not give the power of 
the circuit iu because A z and V x arc not in phase, oven in a non- 
inductive circuit, but differ in phase by an Anglo = 30° ± ^ 
for both star and mesh con nee lions. Therefore ))\ will read tho 

V.l 

product A x V v co« 30 ^ d 3 r a for unity power factor. Tlius 

we see that, <t?j = A 3 V 7 cos (30° -J- $), and = A % V Z cos (30° 
— $)> and tlie sum of thcae after expansion = 2«1 3 J r 2 (ojs 30° 
cos $) = V^A i V l cos qb -= w*j • f- tmj, which is tlio true powor in 
the circuit. If now lho load is so highly inductive that <f> 
exceeds 6U°, i. e. the power factor can </> is less than 0*5, then 
cos (30 -f- *f>) becomes — and the wattmeter will reverse for 
one of its reiuJiugH w l or ir t , which must therefore ho considered 
us — since tlie volt coil connection must be reversed to get a 
scale reading. 

• ■, tlio total power IF—— ?r 2 = ^A 2 V % sin 30° sin $ 
= 2.( J' s X 4 Bin 0 = V, X A, Bill 4, mill 

* % 

= J 3 «m t wattless or vlU line current. 

Tlie above results will lie readily understood by a reference to 
Fig. 144 (corresponding to Fig. 143, a and r), in which OA , 0//, 
OC, represents the voltages across tho respective star stator 
phase windings in magnitude and plmse^ difference (■= 120°), 
AC, CB, BA = voltages V v V v V 3 between mains in relative 
magnitude and phase (= 120°). 

Thun obviously \\ = AC -- — y/'M&\ 

also V i =Cfl= JiOG ^ JMB, 

and Fa = JiA = ^AOli =* JtitA. 

Now, since the three phase-windings are inductive we con 
draw three equal lines, Oa, Ob, Oc , to represent tho currents in 
them logging in phase by equal angles 6 behind their respective 
voltages OA, OB x OC. 

Then the current Qa in its pliaie winding differs in phaic from 
tho voltage AB[ ^ )' 3 ) by an angle aDA — $ — 3(7, and tho 
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current 06 in its phase winding differs in phase from llio voltage 
JiC ( = K a ) by an angle Ocll ~ 9 + 30°. 

Now, if the current coil of wattmeter ir 1 is in the circuit of 
0C, nud lienee of main 3, with its volt coil across VIS (mains 
3 and 1), it will curry the current Ik at a voltage V t Similarly 
the current coil of wattmeter is, in the circuit of 0A, ami hence 



of mniii 2, will cairy the current On with its volt coil across All 
(mains 2 anil 1) at a voltage 
Then irj -- A 3 V t cos (6 30°), 

^ A j l ? (cos £1 cos 3(1° — sin 0 sin 30°), 
and re, —. A t V 3 cos (6 — 30°) 

= A 3 V 3 (i-os S cos 30° 4- sin 6 sin 30°). 

. ■. total powee of the cirouit IV — ir, | "Cg — !M V (cos 6 
cos 30°) -- J3A V cos £?, on tho assumption that A l = A* -- Ay 
— A, and I r j = 1' 2 — V 3 m V t which should be the rase. 

lly adding and suhlructiug the values of and ir a first given 
we liavu 

” 1 —-l = ' tan 0, and putting - f| — a 

V l + (f, Ji ° Ky 

we have the power factor 

a «+ 1 

COS V — —5 _ -- 

2 Ja* — a d" 1 


(sec p. 399), 


y J+ 3(«y 

v «jj/ 

wJu'ji 0^0 tihe Tulnes of trj and w 9 ait) eijual, anil each 

= |V 3 dr«os e. 

As 6 increases, «■) decreases and «c, increases, when 6—30° 
tho value of H'y — 13 3 1 , or |AK, and of Wy djl’j Or A V' t 
whey 9 = 60° the value of w t = 0, and of 


_ c/3 


•c 2 = v ,J.r, or - -'-A V, 


JTl 
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Since in tins caso the current ill tlio series coil of Wj differs 
90’ in pilule from tiiat in its pressure coil, any further increase 
in 0 will make is, negative and reverse its deflection, no that the 
connections of ono of its coils must be interclwnged in order to 
bring the deflection on to tho scale again. 

Hence in, measuring tlio power of nny inductivo 3-phase 
circuit by cilbcr 1 or 2 wattmeters the total power = uq <r e 
i. e. if one of Ibe readings reverses, snhstruH the smaller reading 
from the larger one to obtain the total power. 

Circuits dskijuai.lt loaded and ixduutivx— Two Watt- 
HETETts oni.t needed to obtain the true power, Assuming the 
Wattmeters to have their thick coils in any two mains, as shown 
in Pig. 113 r (a or l), then True Power absorbed IK- 1^+ W T 

Hence, when merely the true power in Watts only is required 
in a three-phase circuit, whethor of tlio star or tuceA type, one or 
(ire Wuttmten are required according to whether the circuits 
are equally or unequally loaded respectively. Also wiien such a 
three-phase circuit is bath equally loaded mid non-inductive the 
true power in Watts is given by the product J3 x amps, in ona 
main x volts, across any pan- of mains. (See p. 395 rt scq.). 

Apparatus,—Source of three-phase alternating current (A) and 
circuit of valuable nature to experiment upon (a and b, Pig. 143). 

Two Wattmeters IF, and IF 2 ; threo Siemens dynamometers or 
Parr direct reading dynamometer ammeters A l A i A J j three 
electrostatic or liot-wiro voltmeters i\ V t . 

Bote.—It must be remembered tiiat for any specific measure¬ 
ment, the foregoing rules, and the instruments they entail, can 
be at onco used without reforcnco to the following test, which 
is devised solely in order to provo these rules. 

Observations. —(1) Connect up as in Pig. 143 (a and c), and. 
adjust the instruments to zero, levelling them if necessary. 

(2) With the load non-inductim and (As circuits equally loaded, 
take the readings of all the instruments for five or six different 
loads, noting the Wattmeter reading when placing the fine coil 
of, say, TTj successively on to A t and d, mains at each load. 

(3) With an inductive lead and circuits equally loaded, take the 
tendings of all the instruments for five or six loads, placing the 
fine Coil of, say, JF*, Successively on to and A t mains at each load 
end noting its reading at each. Tabulate your results as follows— 
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Wnltattare. 

VolbnfUre. 

A ram bIpip. 

Wm 

fa 
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jr = 
»JlA F. 

#v 

*v 

Ti. 


P* 

a<|. 

As 

A? 















Inference#.—State Tory clearly all that can he inferred from 
your experimental results. 


Measurement of Power in Two-Phase 
Alternating Current Circuits. 

Introduction.—Two distinct forms of circuits are met with in 
the distribution of oloctrical energy by means of two-phase alter¬ 
nating currents of electricity. 

The first entails the uso of four wires, forming two circuits 
completely independent of one another, one to each plui.se. Since 
this requires four wires it is usually employed in short distance 
transmissions, 

The second entails tlm use of only three main wires, nnd is 
therefore more economical in first outlay of copper than the 
above. It will therefore ho at once obvious that tlm measure¬ 
ment of power in two-phase alternating current circuits will be 
made in move than one way, defending on the form and nature 
of the circuit in qnration. Wo will now deal with such measure¬ 
ments in the case of each possible condition. 

Two-Fiisbk Cibcuits op the 4 wins Form. 

Hero two cases are possible according to whether the oireuits 
are carrying non-inductive loads, such os incandescent lamps, or 
induetivo loads, such as two-phase motors or transformer'*, etc. 

Nmr\ndvetiv» lend .—Tiro product of the amperes nnd volts itr 
each circuit, obtained in the usual way, when added together 
gives the true power delivered from the generator; and if the 
two circuits are equally loaded, twice the PRODUCT for ono circuit 
gives the Total Trne Power, 

Inductive load .—Owing to the lag in phase between the current 
and ‘voltage in rach circuit, two non-inductive Wnttmetors are 
necessary, ono in each circuit, connected up in the oi-dinary way 
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as in single-plmsc circuits. 



Then the Total True Power delivered 
by tlie generator = sum of the two 
Wattmeter readings. 

If tho two circuits are equally 
loaded, as should be the case when 
supplying such as two-phase motors, 
then twice the raiding of one Watt- 
motor gives the Total True Power, 
and only ono such instrument is then 
ncccssaiy. 


Two-Pil\8e Circuits of tiie 3-wire Form. 

Here also thrrc'aro two ov threo eases depending on whether 
the circuits aro inductive or otherwise. 

Equally loti led non-indvetize tertunu. —Total True Paw or at>- 
sorbed =i twice the product of tko current in one on ter main and 
the voltage across the section. 

Equally loaded inductive secUam r.- -Total Truo Power absorbed 
= twice the reading of a Wattmeter connected with its thick 
coil in series with either outer main, and its thin coil connectod 
to the centre or larger main which is common to both outers. 

Cnequally loaded indndioe seetioNK. —Total True Power ab¬ 
sorbed =* sum oF tho two raidings of the WaUtticlm connected 
with their thick coils in tlic outers respectively, and their thin 
roils connected to tho common centre wiro A R as shown in Fig. 
145. This last c;esu would bo the ono met with when the circuit 
was partly a lighting and partly a power ono, running two-phase 
motors. 

Where the reader may not be quite couvcr&ant with tho pre¬ 
ceding methods of measuring power iu two-pkise alternating 
current circuits, a most useful expevimerit will l* to provo tho 
above statements in much tho same manner as was sot firth in 
the preceding test on three phaso measurements of power, only 
three or four ammctcra and voltmeters with tho two Watt¬ 
meters TFj and )\\ and the variable two-phase rheostat being 
required. 
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Measurement of Power in Polyphase 
Alternating Current Circuits. 

As a summary, with JaOnie additions, to the methods as ^ivcn 
on jHiges 388-31)4, tlio jnineip.il arrangements of wattmeters 
einployed for measuring the true power in different kind* of 
alternating current circuits' commonly mot with in practico, are 
given here in dingranfmatic form. 



^EC^gij> UC’KC>*p \%ECyCo** 

W ■ 2 VP] 

Fin Us*. Fio. 113. 


IF ■= the total watts in tbo system, 

IFj, TF 2 , TF b — , t leadings of the various Wattmeter* 
K f £ Jt E 2 ~ „ voltages „ (t „ sections. 

C y C v - „ currents ii. n » » 
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r, r I( r a =■ tlio non-inductive resistances in series with the 
fma wire coils of Hie wattmeters. 

<j,, <f, v if, j, - „ angles of phase difference between currents 

and voltages. 

Tlio diagrams and deductions accompanying each explain the 
principle clearly enough. 


THREE PHASE (CMSALANCED] 
usi sc two issrailMSMTS 



vtjNSE c,«*(ft ■ #) ^vaECjwcWj tij 

W-’KJ-Wj 

Flo 15C. 


THREE PHASE (BALANCED] 
MITTAL FQIHT AVAILABLE 



Fio 151. 


THREE PHASE (BALANCED) 

MUTUAL POINT N OT AVAILABLE 



Fid.152. 


THREE PHASE (BALAKCSCy 



V 3 -ECco«9> Vf - VaECpoof .^) 

-ySe<^«^ 

W-3K -VS.. 


Fio 153. 


Jn Fig. 150, if the power factor of the system is loss then 0-5, 
one of tho wattmeters will road negatively and the connections 
of its fine wire circuit will have to be interchanged in ardor to 
obtain deflections on the scale. In this case the diffmrut qf the 
two wattmeter readings pines iht iota! power. 

In Fig. 152, tho resistances r, ■ r, = (r + fine wire coil), hut 
an artificial neutral point can be formed by lamps without th* 
expense of the resistances r„ r r 

In Fig. 1GS, unless the resistance of the fixed current coil is 
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email compared with the resistance of the phase in scrioft with 
which it is connected, its insertion will throw out the balance of 
a mesh sptcm and 3 will not = tho total true power, The 


THREE PHASE (MUHCtO) >HA8K (UNBALANCED) 

WITH T HAMS FDR ME P£ 



C'(*\ tCjj cos 30 4 CfJO 
X'Cc,cot $ § 

y? x -io<.t+3thm*<x* $ -wjbtootAtaow * 
'8GG cot ^ ''5t5>’ca*^ 

V*3W t 

Fw, 154 . Fia. 153 , 

aiTtuigrnirJit in Fig. loO, Or if the sy.stem is balanced one watt' 
meter with a two-way hey Cot connecting one eud of *ho fine 

A'H Ahj« i 'BvUtftj) 



W * J Vt, 

W - 

Flo, IfU. 


wiie coil in quick succession to the remaining two mains, is 
much to be preferred. 

Fig. 155 show* a method of connecting two wattmeters in 
three phase high tension trains ABC using current and pressure 
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transformers. P and A' fire two 20 In 1 series transformers, 
giving a secondary current of 5 amps. at full load; while II is 
a 10 to 1 sei ics transformer, giving a secondary current of 
1 amp. at full lend. T and S nra cncli 100 to 1 pressure trans¬ 
formers, with 10,000 volts on the primaries. It can be shown 
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instruments, or by the method described on jingo 3S8, in the case 
of thl'cc-pliaso circuits Another method is shown in Fig. 16il 
for tlm>c-phaso cireuita in which a wattmeter 11/ oomicded us 
shown indicates the wntlk-sa power in a phase, or tho power 
factor, if tho scale bo suitably graduated. The instrument in 
this case lias a control zero and deflects to ono sido or the other 
accoiding to whether tho current Inga or loads with rr*peet to 
■voltage. 

As with such an arrangement, a considerable P. D. will oxi*t 
between tho fixe i and moving coils, it can only bo recoxninondcd 
for the lower voltages. 

Another and safer method can ho employed with balanced 
throo'pluise circuits using ono wattmeter in ono main and a 
two-way key for connecting cue end of its lino wire circuit in 
quick Succession to tho remaining two mains. 

If (Jj and iR are the two doflcctions so obtained, then tho 

l 

Power factor of the circuit ~ " .<{ ] _ ,/ X* 

V U + d 2 ) 

Correcting Factor for Wattmeters.—Considering tho most 
common form, namely the el ectro-dynamm actor type, used in 
practice, it is well known that tho current through the moving 
coil should be exactly in phase with tho P.D, at its terminals 
for tlm iiiKtruincut lo read f»*w intis corrcrtly* It is therefore 
both interesting and important to know tlm magnitude of tho 
error introduced into tho reading of the wattmeter and the 
cvn'eethuj factor to 1» applied to obtain true walls when the 
current and pressure in the ftno wire coil arc not in phase duo 
to tho coil possessing inductance, which it must necessarily have 
to florae small extent. Tho following considerations are quite 
general, and assume that the current and voltage are sine 
functions— 

Let C — the maximum current in the fixed coil, 

I — tho current (at time /) in the fixed coil, 

E sin oj t potential dinference between the mains (at time t ), 
$ = angle of log of the current in the mains, 

J t — the current (at lime £) in the moving ceil of self' 

induction L and toLal ohmic nsutauce R x 
• including any resistance in series with it. 
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u “ 2tr X frequency of the Bupply. 

Then the itlttlions given in Tig. 157 1 can bo shown to hold good. 

Tho relations apply to all t)'| cs of wattmelera if ^ L and o, 
the only quantities which vary with the nature of the load and 
type of wattmeter, are known, 

. When <f, >. 00’ the multiplying factor becomes sere, and tho 
rending of the wattmeter is aero, since there is no force between 
tho coils carrying currents which differ in phaso by 90 J . The 
curves (Fig, 157) can be used as follows—Suppose we know that 
L = 0 02 henry, 12 — 628 ohms, frequency ■- tO ~ per sec., and 

the power factor =» O’G. Then y°- >■ 0 01. 

1 fence curve C is to bo used Now tho horisontal lino through 
0 5 on the pewer factor scale cuts the power factor curve cos. <i 
at a point, the vertical line through which passes through 
t)t — 60* and cute curve C at 0'98 t which is tho correcting factor 
of tiie wattmeter. 

Fundamental Considerations Relating to 
Alternating Current Static Transformers, 

General Remarks.—Before considering actual methods of 
testing slatic bww/vmers, tlie importance of which, in alLemat¬ 
ing current systems of distribution of electrical energy, arises 
from tbo ease with which a small current at high pressure can 
be converted to a large current at low pressure or vice versa 
by such an appliance and with very little loss, souio introductory 
remarks are considered desirable. 

There are a groat many different forms and ways of building 
tho kind of transformer in question, but they all come under one 
or other of two main heads, namely— 

(а) Thoso with dexed magnetic circuits in which tho magnetic 
induction or linos of force arc contained sololy, or nearly so, in 
iron. 

(б) Those with open magnetic circuits in which the linos of 
force run partly in tho iron core of the transformer, and partly 
in the air through which they complete their path. This type, 

1 T*ken, togethoi*, with Riga 104 and 146-1M from b piper on "The 
Heuuremept of power in litcrrmtiug current choulti,” by r, H&mUtna, 
Pnx. JW. C.2S., voL tliv, 19Q2-1WJ, by kind permiMion of tho Author and 
lDjtC.fi. 
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however, has now become practically obsolete. In either ca *q 
( a and 8) the iron core is surrounded by or wound with two dis¬ 
tinct and separate coila of insulated copper wire termed the 
primary and secondary. In all cases the former ie the coil con¬ 
nected to the source of supply, while the latter hag induced in it 
an RM.F. which supplies current to some separate circuit, usually 
at quite a different E.M.F. to that acting on the primary. 

Tho primary may be^eitlicr the high tension (pressura) coil or 
the low, according as to whether the transformer is used as a 
step-down or step-up appliance respectively. Hence to avoid 
confusion, the primary will always be that coil which is connected 
to tho source of supply, w bother this bo high or low tension. 

It may now bo well to consider certain phrases and quantities 
met with in static transforming, and which appear in testing 
work on thorn. Transformer* with M closed ” magnetic circuits 
only need bo considered, tlio "open” magnetic circuit typo 
nut having been modo for many year#. The induced secondary 
voltage is evaluated ns follows— 

Let jV= total magnetic flux threading the secondary 
winding of T s turns, 

f = periodicity of tho primary supply-current, and 
bunco of this flux, 

K t and E 9 = maximum values of RM.F.a at the terminals of 
primary and secondary. 

Now since in one period of the currant wave, the currant and 
hence tho flux varied from 0—iuax., max. —0, thon reverses and 
again varies from 0—mux. and then max.—0, tho average rate 
of elionge in the flux — KN lines per cycle or period, and tho 
average change = \Nf lines per see. Therefore the average 

RM.F. induced per turn — and ihoroforo tho average E.M.F. 

induced hi the secondary winding of T s turn* = K 0 = —.-^p r 

Volta, Since tho virtual E.M.F. — average E.M.F. X form 
factor of the voltugo wave, the virtual or H.M.8, E.M.F. 

E t =m = t 4iiV Ih volts, where 1 11 is tlie value 

10® 10 8 

of Ibo form factor of a sinusoidal wave. There will also be an 

i> D 



402 


ELECTRICAL ENGINEERING TESTING 


induced E.M.F. due to self-induction in the primary winding of 
T e turns, and sinco Hie snmo flux threads lids also, this back 
A • 11 VfT 

E M.F, of self induction must — - ** volts. On open 


secondary circuit the primary supply pressure only exceeds this 
buck E M.F. by a very smalt amount, namely, that sufficient 
to force the euergy current through the resistance of the 
primary winding and provide the necessary magnetizing current 
for producing the flux in the core. Wo therefore have the 
following important relation, namely— 


Ms 


4-u.vyr.io* 

X — If/'t 


'iit.xjr, io 8 

very approximately, which is called tho voltage nUio of comwivH 
or nrfi'o of tt'ansfonmiiwu. 

If A r and A 9 are the currents flowing in the primary and 
secondary liaving resistance R r and //*, then tho ohmic drop of 
voltage in each is A y If P and A s tt g respectively, and tho core 
llux is pnxluccd by an effective voltage E e — A P E n wlicw the 
bar over the oxpri'a>don indicates that it is a vectorial—and 
not an algebraical—difference, the primary supply E.M.F,, K* 
and energy voltago, A r Ii n not being in phase as indicated iri 
Fig. 158. 

The nu-load secondary induced voltage will 
therefore 


— (^/ — volts, 

J e 

and the secondary voltage on load 

■* (A^ — AyNp)- ^ -{- dj Alj volts. 

* r 

When tliu secondary circuit is ojarw, tho total 
loss occurring in the transformer is called the 
opetMiwnil to», and tho current flowing in the 
primary is called the no load pWwwy emrent. 

The open circuit Iubs is mado up of the copper 
loss due to the no-load current flowing in the 
primary winding, and which is usually very small compared 
with the remaining loss due te eddy currents and magnetic 
hysteresis which are termed tho iron core losses. 
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The no-load primary current, such aa would be indicated by 
irn ammeter, consista o t two components in quadrature, namely, 
(«) tho true magnetizing component, which being an idle or 
wattless current lags 90° behind the supply voltage, and (fr) the 
energy or lixuI component in phone with the supply voltage, ami 
overcoming the above open-circuit losses due to eddy currents, 
hysteresis, and copper loss. 

These throe current# can therefore be represented by a right- 
angled triangle surha^Fig. 158, in which JU) would be the no-loud 
current, BV tho energy component, and Cl) tlm magnetizing 
couq»OTK'Tit. TIiun, since BlJ= JIJC*^ (J?P, wo seo that the 
no load current \/(encrgy current)* + (magnetizing current) 2 
-l»*i this uo-luad current would bo in quadrature 
wilh the supply veils, except for tho energy current, which 
makes tho phase' difference slightly less than 90°. 

Thu magnetisation or core flux, being directly proportional to 
llio supply voltage at constant frequency, is constant at all 
mundnry loads with a constant voltage supply, and hence tJie 
inm lotuses mv con at ant at all loath* Further, since we have soon 

that := it follows that — ^ T r , i,e. tho primary 

I n Ap I a lb# 

and secondary currents are inversely cc to the volhigi’H. 

Tho measurement# of current, voltage, and power in teafs 
connected, not only with transformers, but al.su with alternating 
currents generally, should bo made with instruments possessing 
practically no self'induction and little or no iron. The bent 
results will be obtained when employing electrostatic, hot-wire, 
and d> iwraomotor instniiaonta, for such meaanro tho ^/mennaq. 
values of pressure and current and aro independent of tho varia¬ 
tions of frequency. If a circuit supplied with alternating current 
is Hon-intlucfive, as for rxnmplo a bank of electric incandescent 
lamps run off tho secondary of a transformer, then tho ^/uioan sip 
values of tlio umjx'rrs x tlmt of the Volts = tho true or mean 
jtoirer in Watts talc on up by Unit circuit or bunk of lamps. 

If, however, tlie circuit is inductive this product (amps, x 
volts) gives what is culled the apparent power in Watts absorbed, 
which is in all caeca greater than the true power* This would bo 
the case if we tried to measure the power given to tlio primary 
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of a transformer, which is always very inductive. Recourse must 
in such cases be had to the so callod non indvetite Wattmeter, the 
fine wire roil of which must have as few a number of fine wire 
turns ns will giro the requisite sensibility. Such an instrument 
will measure the actual or true mean power given to any circuit, 
however inductive it is, and no difficulty presents itself in the 
use of the Wattmeter on n low tension circuit. If, however, the 
power absorbed in a high tension circuit is required, then a special 
arrangement of Watlmoter is needed (see p. 42). It is much 
bettor, howevor, to have all mensuring instruments on the low 
tension circuit, and this can be accomplished by employing one 
of the double conversion methods given in the following pages 
a course almost always possible in works and central stations in 
which two similar transformers as rcgnnls size and output can 
generally be obtained. 

Anotlier method of measuring the power given to or developed 
by a transformer is the 3 voItmeter one, and in tho case of the 
primary circuit, n non inductive resistance of such a known value 
is placed in series with this coil, that the P.D. across its ter¬ 
minals - that across tbo primary coil, or preferably as nearly so 
as possible, as this gives max imum accuracy. The method con- 
sequently has the somewhat serious disadvantage that the KM.F. 
ot the supply has to he doublo that required for the primary 
alone, which would in the majority of cases preclude ita use. 
Then again a emull error in observation may canoe a largo error 
in tho results. 


(136) The Effect on the No-Load Voltage 
Ratio, Current, and Watts of a Trans¬ 
former, of Change of Primary Supply 
Voltage and Frequency. (Magnetisation 
Curve or Open Circuit Characteristic.) 

Introduction. -The present investigation is a very important 
one, in that, amongst other results, it givee the relation between 
primary terminal voltage (or to core flux at constant frequency) 
and magnetizing current, and which is termed the “ open-circuit 
characteristic" or ‘’magnetization curve" of the transformer. 
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The voltage UBed tor the relation should, strictly speaking, bo 
that of the back E.M.F. of self-induction, and therefore the 
vectorial difference V r — AIt r ', but as both A and N, are small, 
their product is negligibly small compared with F„ and can lw 
neglected. Even with the special low-loss iron now usod iu 
transformer cores, these are seldom worked at magnetic indue 
lion densities outsido the limits, 3500 to 7500 lines por sq. cm., 
in order to minimizosthe power (duo to tho iron-loss or energy- 
current component) absorbed in magnetisation, which is con¬ 



verted into heat in the core. Por this reason the “knee” of 
the curvo, which corresponds to about 15,000 to 17,000 lines 
per sq. cm., and is all-important in the design of D.C. apparatus, 
is never reached in tho magnetisation curve of a transformer. 

Further, since tho core loss is obtained in this test and is 
well known to be practically constant at all loads, it follows 
tliat, knowing tho resistance of the windings, and honco copper 
losses (C 1 ! i) in P and S at any loud current, the rllicicncy can 
be predetermined at all loads. 

Tbo test also shows that both the no-load current and watts 
decrease as tho frequency increases, and heuco that higher 
frequencies reduce file size of core and coat of manufacture 
for a given output. 

Apparatus. —Transformer under test, of which I' is the primary 
and 8 the secondary; low-reading wattmeter IF; voltmeters 
V f V,; switch K; frequency meter F\ luw-reuding ammeter A ; 
source of supply A', preferably a motor-driven alternator, the 
speed and excitation of which is variable over a wide range. 

Observations.-— With Variable Voltage Sajrply at Constant Fre¬ 
quency. 

(1) Connect up as in Fig. 1D9, levelling and adjusting such 
instruments to zero as nood it, the terminals tt of the high 
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tension winding used the aorotkiary being open-circuited as 
shown, 

(:*) With the frequency ad justed lo the normal value for iho 
transformer, Mid the field regulator of the alternator full in, 
clow A' and take simultaneous reading of Y* V ti F y IV and A at 
each of some ten diflVrpnt values of 1/, rising by about equal in¬ 
crement* from the lowest readable values tu not excelling 20% 
above normal, by adjustment of field regulation or otherwise, and 
at constant normal frequency. 

(.*1) TI7<A VttrittM* Fwpvacy Supply at Constant Volta ye> 

With the voltage adjusted to the normal value for the trans¬ 
former, take simultaneous readings of F ft V* A T , 11' and A at 
each of some ten dUTi’ivnt values of F, rising by .dxnit equal 
increments between the lowest and highest values convenient, at 
constant vohatp V r . 

(4) Measure the ohmic resistances of the primary and second¬ 
ary windings F and &; that of E by either (a) t he ammeter, 
voltmeter method (p, 86), using Ohm’s law and a direct current 
supply for E t taking cam lo connect a suitable main current 
variable rboontat in circuit lictwcen K and F\ or (t) the com¬ 
parative deflection method (p. 84). TJic resistance of N may 
lie obtained by either (r) method (a) above mentioned, or 
(d) a Wheatstone bridge, Tji the c;i*o of the ammeter-voltmeter 
method, the Miltuicter must be connected to the actual terminals 
TT or it of the windings. 

Tabulate all your results ns follows — 

TrttikforiilW Nu ... Ty|*i , , Jlili-r , . . 

Knimil ontpul ■ , . * rr.l RfpK) -- l lf f W ViJlappiMw* , ( 
SwoMlary ; vutls p... Ai)i|n. =. » . Uesiht.uiro /(j*,, . <iTuub V, 

'IiiiiS 7, , 

rnmtry : vcJts*. » Antp<, = . , . RuHixtaJin* ftp . . , aIhhi -/Ci , , , a £. 

Tnriih Tj, — 
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(fj) Prom oba. 2 plot the 11 open-circuit characteristic ” (other¬ 
wise known iw the u magnetization curvo”) of the transformer 
laving values of V r nn ordinates, with magnetizing current A w 
as Abaci fwu. 

Also curves having the same scale values of J f as ordinates, 
with (*) total no-load current A ; (*j) oneigy current compo¬ 
nent A m J (e) no low 1 watts W (practically all iron-coi'O losses) ; 
(rf) vultagc ratio iyj^>, as abscissre, in each case. From ol»s. 3 
plot on another curve-sheet curves having values of frequency 
f aa ordinates, with A y A x , AW and YJV n respectively, aa 
abscissa*. 

Inferences.—From a study of the table of results and shape 
<if curves state clearly all that can be deduced. 


X^i 37 ) Measurement of Copper Losses in a 
Transformer (by the Short Circuit Test). 

Introduction.—Tho total internal lews fl F in any static trans¬ 
former is modo up of the iron loss Ti; duu to eddy currents and 
magnetic hysteresis in tho iron core, together with tho copper 
loss IF, duo to tho currents A t nnd A g in the primary and 
secondary windings of resistances I\? and li n . 

Then 1 r v = A,*ft,,+ A* 1 !!* and W = V? t + W c . 

Knowing H P and li g) tho copier loss IIV can bo calculated for 
any or a scries of measured load cu emits, but the value so found 
may differ considerably from the actual winking or effective 
value, owing to tho eddy current and “skin effect ” present with 
the larger sizes of conductor, wlien carrying alternating current, 
causing an apparent increase in tho resistances R r and i! s 
The present test, comprising tho direct measurement of the total 
<x>pper loss, would tliorefbro appear to he a means of obtaining 
it under working conditions, oud hence more accurately than by 
calculation. 

Another source of error may, however, now creep in, for the 
wattmeter necessary for measuring tho low must obviously 
& hyr-reading one, and have a current capacity equal to that of 
full load for the winding chosen a* primary, while itu pressure 
coil will be anbject to a small fraction of what would probably 
be its normal pressure (a condition introducing an error in its 
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indication) unless, o! coaree, the wattmeter is a specially designed 
one tor low pressure. The email applied voltage necessary ter 
keeping the short-circuit current within sate limits, will produce 
a very small induction, and therefore loss due to magnetization 
ot the core. This last named may be negligibly small, when the 
wattmeter will indicate the copper loss only. If tlio iron leas 
is not so small, the WAttmeter will give a reading at the applied 
voltage of short circuit when the secondary is open-circuited, 
and this reading must bo subtracted from all of its indications 
on short-circuited secondary. Further, care most ho taken that 
the wattmeter reading does not include any losses in connecting 
or short-circuiting cablo. If it does, the loss in such must be 
separately calculated from thoir measured resistance and each 
current, and deducted from the reading. 

If T, and T a — the number of primary and secondary turns 
respectively, and V, = a small supply voltage applied to the 
primary in order to send full-load current A, through it with 
secondary short circuited, then tho total resistance “drop” 

- A r {R, + It, (ijf'p) volts. 

From the valuos of this “drop” and V r the cAnracIcmtic 
biaitglt of the transformer can be drawn and the leakage drop 
determined. 1 

Apparatus—That for tost No. 136, excepting that W and 
V r must now both be low-reading instruments, while V, is 
replaced by a low-resistance ammeter A, lot short-circuiting the 
terminals ll of the secondary winding S, tho range being large 
enough to indicate at least full-load current of tliat winding. 

Observation*.—(1) Connect up as in Fig. 169, with the 
ammeter A, across («) and tho pressure circuit of IF across TT, 
in order to eliminate errors duo to including in the leading of 
IF any copper Joss in the primary connecting cables. Level and 
adjust to zero any instruments which need it. 

(2) With an efficient short circuit of S the primary P will 
practically constitute a metallic resistance and require, by Ohm's 
law, probably only two or three volta or so to be applied to it 
in order to obtain full-load current through it, 

1 Fids "Tha Tasting of Transjonnsn/' by Mwrii and Mater (Journal 
LEE. rol. 37, p. 284, IIIMt 
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This low voltage required at the normal frequency of tho 
transformer, and from whatever source obtainable, must bo 
adjusted by a suitable variable resistance, in series with P, an 
u to give eight or ten currents through F, varying by about 
equal Amounts from its full-load value to tho lowost readable, 
the readings of If, A and A t being noted at each. 

(3) Disconnect tho secondary short circuit and note the iron- 
loss rending, v>, on If, for tho same value of Vj. as used in obs. 3 
(if any is readable). 

(t) Measure the resistance r t of the short circuit (namely, A, 
and its two short connecting leads) and tabulate your results na 
follows— 

Traaifonaer: Na by . . , . . * Volume „. 

Pull limit: Onli'ut — XVA. Amps — *.. Volts — . , ♦ FnV|iHiiCj «* *.. 
RnE»tuir» Putimijf (if^« ► ► . ohms . . , m € Strondw . *. c*n » 
(fit. . . •<’, JfernmiiTj flHort-dflniltfi-jaa . * , nlium. 
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(5) Plot a curvB having values oE copper hrtft If* H5 ordinati'8, 
with A as abflci^isw, 

5ote.~-The impedance voltage Vp is entirely spent in over¬ 
coming the equivalent impedance of tho windings with short- 
circuited secemdury, being partly spent in overcoming resistance 
and partly in reactance. 

The reactanco vultoge =• IV — {WfAfr 
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Deduction of the Regulation of a Trans¬ 
former for any Load and Power Factor 
from the “Open” and “Short Circuit” 
Tests. 

From tlie curve* obtained in tlic preceding open and *1 sort* 
circuit train, the drop in vult* in a transformer on non-inductive 
or inductive secondary load cun be prcfli'lisrnnneil. To obtain 
tlu« drop is needed tlio "open-circuit” volts and tlio triangle of 
voltages relating impedance %oltagc, ohmic drop or resistance 
voltage, and the rcaclaiice voltage ns obtained from the u short- 
circuit" test. 

Tho voltage drop in the transformer for any lunil and {tower 
factor can thus be obtained from an exactly similar construction 
to that given on p. 1*2 for an alternator, and which will not, 
therefore, be ’quoted hm\ 


(138) Determination of the Regulation of 
a Static Transformer. {Differential 
Method.) 

Introduction.—Tho moaning of the tcim 41 regulation/' as 
applied to a transformer, w as ex plat nod and defined in tout 
No. lilfl, p. 412, and its measure incut in a single transformer 
there given. Wlum, however, two similar transformers 1\1\ 
are available, the present method of measurement is hutli simple, 
convenient, and (firert rtwtiwf/, whereas that of test Nn. J.10 
necessitates diking tlio dilTerenca W'twcen two voltages, and is 
less accurate. It is applicable tc any pair of high-tension or 
low-tension transformer*, but the .secondary circuit should prefer¬ 
ably bo the L.T, side, on account oE the greater safety in hAnlling 
instruments at low tension. 

Apparatus.—Source of A.C. supply F, whether low or high 
tension \ two transformers T t T p similar in all respects; volt¬ 
meter V t \ switches ; load itaistauce A*; ammeter 'A 8 : 
and (if available—for interest, but not aa a necessity) two 
ammeters A n and A t: 
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Observations.—(1) Connect up as in Fig. 1G0, levelling and 
adjusting to acre sue 1 1 instrument* ns need it. 

(*2) First connect for V f a voltmeter capable of reading (or 
glow lamps eajiablc of absorbing) tbo shot of the normal volUgu* 
iS'iiVj. Tlim with tS K and tip open, nml E giving the normal 
voltage anil frequency of 7\ or 7 r t , etoso tip. If V a shows a 
fairly largo voltage, ti x anil ti x am in hdpiwj n^rflets tim 
connections of ono of* them must be interchanged to bring tlioir 
voltages into opposing series, when ) r a will allow very little. 

(S) Now replace Vg by a Itn<'~re(u1iv<j mtltmfbY, and, with tip 
clowl (>S^ still being open), note the readings of A ri1 A r and 
\' a (if any). If T x T t are either exactly wauVor, or unload*!^ or 
IkjUi, Y 4 should now mail 0. 



Fig, 160. 


(t) With the supply voltage constant, and U non-jwltviive and 
full in, dwf ti t , biking the mailings of all the instruments for 
each of a series of nix or eight load current* .Is, rising by nlrnut 
equal increments from 0 to the full-load current of 1\ or T x . 

Note. - K fl gives the difference of the vidlagm betwero the 
torniinnls of the loaded (7«) and unloaded |7 T J transformer, 
which is the required 11 drop/' 

Thu secondary oul put of transformers is usually expressed in 
kilo-volt-anijieiTH (K. V. A,), irrespective of the power factor of the 
secondary circuit, and not in true K. W. at imily nr some lower 
P.F, The values of V a may, however, Ijq ob tabu'd if desired oil 
inductive loud* by repeating olw. 4 with a variable choker (f r ) 
(not shown), connected in Cfiriisn with the mm-imluctivo l'csist* 
unco ff (preferably a bank of lamps) and a voltmeter with key 
to measure the volts 1'^ across It and V c across iliu choker at 
the ttunu current wlien the power factor of the circuit will bo 

^ n V m 

impedance 1 „ 
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Tabulate year result* as shown— 


0 u mm li for rt reroute. 

Secondary 
Lo«d Curas t 

▼BltMt Drop 

*> V 

Af i 






(5) Plot curves having values of V s , as ordinates, with values 
of as absciss®, 

(139) Determination of the Efficiency and 
Regulation of Transformers. (Single 
Conversion Method.) 

Introduction. —This method is one of the simplest, though not 
the most accurate, and entails using only the one transformer to 
be tested. In all cases by tho primary of the transformer is 
meant that winding connected to the supply mains whether these 
are at high or low tension. 

The efficiency of any transformer, supplied at constant voltage 
and frequency, is the ratio of the secondary output to the 
primary input, or IV,/ IK,. 

The regulation of a transformer is the amount by which the 
secondary terminal voltage at any secondary load differs from 
that on open secondary circuit, i. a. it is tho drop 11 in voltage 
under load, and is due to both the resistance and reactance of 
the winding. 

Tho regulation curvo therefore relates secondary terminal 
'voltage SB ordinates and secondary load current as absciss*. 
The ordinate intercept between this carve and a horizontal 
straight lino through the “opon circuit" voltage pomt at any 
secondary load gives the “drop” of voltage at that load. 

Caution.—In the case of transformers which have to be run 
oft a high tension alternator and are tested by this method, the 
one operating the high tension instruments must not only wear a 
pair of carefully selected and good india-rnbber gloves, but must 
also stand on an india-rubber mat, and to guard against the pos* 
aibility of accidents even in ths case of manipulating the tow 
tension instruments, the one operating these must either wear ’ 
the pair of india-rubber gloves provided or stand on an india- 
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rubber mat. Before switching on, the “ danger boards " provided 
moit be placed close to the high tension wires. 

Vote.—Great care must be taken that the india-rubber gloves 
are not scratched, cut, or pierced in an; way, as this would tend 
to render them useless for the purposes of insulation. 

Apparatus,—Alternating current ammeters A, A, (Fig. 281), 
and voltmeters F, F,; non-inductive Wattmeters IF, FT, (with 
their separate anti-inductive resistances r,if any); bad 
absorbing resistance rf, preferably non-inductive (p. 52b); switches 
,S’j S 2 ; source ef alternating current supply and transformer 
T to be tested. 

Bote.—Fj and F s should be either hot-wire or electrostatic 
instruments, of which V t may preferably he of the latter type. 
If R is strictly non-inductive, then IF, could be dispensed with; 
it may, however, as well be used if available. 



T*»t».—(1) Measure the ohmio resistances R 1 of primary and 

of secondary coils in a suitable manner. 

(2) Connect up the apparatus as indicated in Fig. 101, 
carefully levelling such instruments ae noed it, and Booing that 
their pointers are at o. Adjust the voltage and frequency (if 
possible) of the supply to the normal valuo required for the 
transformer. 

(3) With S 2 open, dose and note the readings of A,, F, and 
IF, simultaneously. The “open circuit Iosbou 1 ' occurring in tho 
transformer will thus be obtained. 

(-4) Make R large, and close S 2 as well as 5,. Then note 
simultaneously the readings of all the instruments for about ten 
different secondary currents from 0 to full load or to 15% over 
full load, rising by about ■» increments. 
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In all cases tho frequency and primary voltage must bo kept 
constant. 

(5) Urpent 4 wilh a higher and lower frequency than tljo norjnal. 

(6) Repeat 4 and 5 on an inductive load.of constant power 
factor, or otherwise obtain the readings as detuiled on p. 182, 
noneasajy for [dotting the regulation curves between secondary 
volts and current, each at dilTVrrnt hut constant power factors. 

(7) Find, experimentally, the tapper 1 o«sob in primary aiul 
secondary hy pacing dimt currents of various strengths, between 
0 and full load, through the coils, and noting the losses by means 
of & Wattmeter, 

N*»ii . ♦. Pati ... 

Tmnjffinncr: Uivli* by . . . TcaiisR.iiirrtti«g lUtio . . . 

Normal oul]ml - , , . Kil'ivnlh Pcqudirv - Sf*\ TtpOi, ■ 

Primary Resi>t.iiicii , iilmit tt . T. Hmnulaiy UMbtiui'c olkiubjl... 'C. 



(8) Plot tile following carve* having values of—(a) Total 
copper losses; (A) total iron losses; (<;) secondary voltage; 
(if) primary power factor; (is) efficiency; (/) voltage ratio, 
respectively as ordinates ami secondary load currents as abscissa: 
in each case. 

Inferences.—State concisely all tbo inferences which you can 
draw from the results of your cxpciinients. 

{140) Determination of the Efficiency of Trans¬ 
formers. (Double Conversion Method.) 

Introduction.—-This method cud bo used wlion two similar 
transformers are at hand, and particularly when only low tension 
measuring instruments are aval lab’s. 

Caution. —To guard against the possibility of accidents, even 
in the case of manipulating the lew tendon instruments, the pair 
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of india-rubber gloves provided must be worn by tins one nmnipu- 
Inting the tertiary circuit instruments, mid tlio india-rubbor mat 
must be used by the one reading those on tho primary circuit. 
On no account mu ct any part of the iccondary (hiyh tension) circuit 
be touehal while “alive," and before switching on tho primary 
current, tho “ danger boards ” provided must !>o placed close to 
tho high tension leads. 

Note. —Groat enre must be taken that the india-rubber gloves 
oro vot acmichetl, cut] or pitreed in any way, ns this would tend 
to render them useless for the purpose* of iimlatiun. 

Apparatus,—Alternating cmront ammeters (Fig. 3fH),ftnd 
voltmeters K, V r of which V t is not absolutely essential to th& 



teat; non-inductive Wattmeters W l and IK S (with their separate 
nnlHniluctivo resistances r Jt if any); a witches ^ »S j \ load, 
absorbing resistance Ji f preferably non-inductive (p. SlKi)» source 
of alternating current supply and tho two transformers T x T 2 
to be tested. 

Note.—Uotli K $ ami the high tension voltmeter V i should, if 
possible, be of tho electrostatic type. If /Ms strictly non- 
inductive, then IK, can bo dispensed with; it uiny, however, as 
well bo used if available. 

Tests.—(l) Measure tho ohmic reftistanco of each of the coils 
of Hie transformer* JPj and T, in a smtablo manner. 

(2) Connect up the above Apparatus as indicated, carefully 
lovolling such instruments as need it, and Boeing that thoir 
poiLjterft are at zero. Adjust tbo voltage and frequency (if 
possible) of the supply to tho normal value required for tbo 
transformers. 
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(3) With S, and S, ope n, close S v and note simultaneously the 
readings of A v F v W r The “open cirouit losses 1 ' occurring in 
transformer 7*. ■will thus be ohtained. 

(4) Make R largo and close all the switches. Then note sim¬ 
ultaneously the readings of all the instruments for about ten 
different tertiary currents from 0 to fall load, rising by about 
increments. 

(6) Interchange T x and 1\ so tliat the latter now becomes the 
* stop-up,” and repeat c.rp. 3 and 4, tabulating your results 
in two tables similar to that shown. 

Koto.—In all cases the frequency and secondary voltage must 
be kopt constant. 

(Hi) Repeat 3—3 for a higher and lower frequency than the 
normal. 

(6) Find, experimentally, the copper losses in each of tile coils 
by passing direct currents of various strengths between 0 and 
full load through them, and noting the losses by ineuus of a 
Wattmeter, 

Nnrs . .. Oats , ,. 

Tuuofonnrr T, / No. . . , Typo . . . Made by . . , Vsal u . . , 

fit. . „ 

” ^ | Nonuol Output” * " ' KllomU-, Frociuoiwy * ' * ‘ —„ pot Kd. 



RottatOBCtO; rntnory-... ohnii. Totol Hecondoty a ,.. ofcoia Tertiary =... oto».efO. 

Freqoeury umJ -.,, jar mc. Total Beroudiry drop It-volte. 

ri 


(7) Plot the following curves having values of—(a) Total 
copper losses; (6) total iron losses; ( 0 ) tertiary voltage; (d) 
power factor; («) efficiency respectively as ordinates and tertiary 
load currents as abscissa; in each case. 

Inference I. — State clearly all the inferences which you can 
draw from your experimental results. 
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(141) Efficiency of High Tension Trans¬ 
formers. (Sumpner’s Differential Method.) 

Introduction.—A neat and convenient method of measuring 
the efficiency of high tension transformers, and which is sus¬ 
ceptible of greater accuracy than most methods, is that due to 
Dr. W. E. Sumpuer, and dotailed as follows:—A email auxiliary 
transformer (C), thB Output of which need not bo greater than 
the waste of power occurring in the two larger transformers 
A and A, to ho tested, at full load, is required for the purpose of 
furnishing a small extra voltage (say 5 to 12 volts) necessary for 
driving the full load or any other currents through A and B. 
Its efficiency, goodness, or badness is a matter of indifference, 
and all wo need in connection with it, is the output it;,'} of its 
secondary in Walts as mousurod by tho Wattmeter (IK,). 

The particulars as regards this output can bo deduced as 
followsSuppose that two 2250 Watt transformers have to be 
tested each converting from 100 to 2000 votta or vice tarsi 
Then their probable efficiency would be about 94% (say), and 
hence each would absorb 23'5x6 = 135 Watts at full load. 
Consequently the output of the auxiliary transformer (1 need 
not exceed 2 x 105 or 270 Watte, 

Hence if used on low-pressure 100 volt mains the primary 
should take about 2‘7 amps, at 100 volts, and the secondary give 
out 226 amps, at 12 volts. In the ordinary tost of efficiency of 
high tension transformer's, in which two similar ones are used- 
one ss a step-up from the low-pressure primary mains, and 
the other os a stop-down to the tertiary mains, the efficiency is 
deduced from measurements of primary imput and tertiary out¬ 
put which are of nearly equal magnitude. Consequently the 
percentage error in measuring these two quantities re-appears 
as the tome percentage error in the efficiency eo obtained. 

The present method, which is much to be preferred of the two, 
consists in actually meaewing the losit* (<v) occurring in the two 
transformers du'ccily, and comparing these with the input to 
obtain the efficiency. 

The method is economical in cost of energy used, especially 
when tasting large transformers; with tho methods used in tests 
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139 and 140 it would be a serious consideration, while the 
supply of full-load current would male a serious demand on a 
public supply, or necessitate a largo testing alternator. The 
present method is accurate because tho total lojss (w) in tho two 
transformers is obtained by arUiug together two quantities end 
not by subtracting them, and is most convenient for finding the 
temperature rise after a run of n prescribed number of Lours on 
full load, 

Tho principle of the present method is sen kingly analogous to 
Dr. Hopkinson'a combined efficiency lest of a pair of dynamos, 
tho distinguishing feature of winch is to couple two similar 
machines together both mechanically and electrically, one to 
run as a dynamo and the other as a motor. Energy is supplied 
to one by which it is transferred to the other, this latter return¬ 
ing it again to the source; tho balance of energy supplied actually 
by tbe source is therefore equal to tho waste which occurs in 
the double transformation and corresponds with the loss (w) 
above mentioned. This then is what takes place in the present 
case, for energy is taken from tho mains by the "step-up” 
(A or ft, whichever is usod as such), then transferred to the 
“step-down” transformer, nni finally back to the mains again. 

Thus, while loth transformers can lio loaded to any extent by 
controlling the current circulating between them, tho power 
taken from the supply is only mime 4 to 20 % of the full-load 
K.W. capacity of either, depending on their efficiency—being only 
that necessary to make up the total internal losses in tho two 
transformers together. IVhether tho L I', or H.T, windings are 
connected to tho supply is merely a matter of convenience do- 
pending on which supply is available, but usually the L.T. sides 
arc connected to an l-.T. supply for safety in handling tho more 
commonly available low-tension instruments, etc. Calling which¬ 
ever aro connected to tho supply the primaries, the teamtlaritt 
must be so connected in series that Ihrir A'. .1/ F.s oppose each 
other. If tile primary E.M.F.s are equal, so also will be the 
secondary E.M.F.s, and no current will flow in tbe secondary 
windings. By making the small auxiliary transformer in scries 
with one of the primaries provide a +" or —" hoosting E.M.F., 
the out-of balance primary E.M. Fa so produced will cause 
outof-balance secondary E.M.F.s and a circulating secondary 
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current, Ibe strength of this current depending on tho difference 
between the KM.F.s. Should the connections be such that the 
secondary K.M,F,s are in helping acriee instead of opposing 
series, as they should be, a abor t circuit will result. To avoid 
this, and to ensure the connections of the secondaries being 
correct, close S and S v when ft will induce a voltage in the 
L.T. winding of .1 equal to that o£ the supply, but opposite in 
pha.se if tho connections arc correct, Hence, if cither a volt¬ 
meter or lamps, each having a volfcugo range equalling twice 
tli at of tho supply, oro connected across the open itch S 2 and 
neither »how any voltage, tho connections are correct for the 
two L.T. windings, and therefore also the two H.T, windings 
aro then in opposition. If otherwisa, the voltmeter or lamps 
will show livicn the voUogt of ths supply. In this event the 
connections of one of the II. T. secondaries must be reversed. 
It should he noted that («) will indicate the load current, while 
un urn meter (r/j) in scries with S y will give the nugnctwing 
current, 

If W— load in Watts supplied to tlm primary of the “ step-up, M 
and «?j to., — tho Watta at this load as measured hy and «*,„ 
and X^ loss of power in the counoctmg leads, current meter a 
Aiul the current coil of Jfq, then the total loss in the two 
transformers 

10 =- tOj -f tt'j - X. 

HoncB tho cffirieiirt/ of double conversion — 1— ^ 

and tho efficiency of either transformer 



A* tho ratio of j y is small—not greator than J# with a trans¬ 


former of 95% efficiency, the efficiency of each transformer is 
given quito accurately enough by tho relation 




An error of 10% in estimating -j y only affects the combined, effici¬ 
ency to that of either transformers to only, lienee 

cun be seen the superiority of tho present motliod over the 
preceding one. The quantity JF can be obtained witli quite 
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efficient accuracy by the product of the current A and the P.D. 
in volts auppliod to the primary of tho " step-up.” 

If (A) is the '‘step-up," then IT” 100 x curront in low tension 
coil of A, whereas if if is the 11 step-np," the purer returned to 
, the mains liy A = the shore quantity, and hence the input of 
the primary of B is 

li r = 100 x current of A + (w 1 + u>, - \), 

Tl.p-t transformer will be acting aa “stcp-np" which has the 
higher P.D. of tlio two (i and B) on its low tension coil. If, 
say, 12 rolta are supplied by C to the primary of B, tho P.D. at 
the terminals of if will be either 112 or 88 volts according as 
tire 12 volts from the auxiliary and the 100 of the mains are 
in please or opposite phase. If if was vory inductive, the above 
voltages would be out of phase, and if* P.D. might bo anything 
between 88 and 112 volts. 

Apparatus—The two high-tension transformers A and B to 
bo tested of say 2000/100 volts; an auxiliary Boasting one C, 
the primary of which is in series with a variable non-inductive 
resistance if of sufficient range to produce only a few secondary 
volts; two non-inductive Wattmeters IK, IK,; Siemens clcctro- 
dynatnoDieter or direct reading alternating current ammeter (a); 
switches 6'j S t 5, and S ; voltmeter I’ for maintaining the mains 
at 100 volts; alternator D, or somo other Bource of alternating 
current. 

Caution.—On no account whatever Is tho high tension circuit 
of either A or B to be touched while " alive.” Tho india-rubber 
gloves anti mat must be used by tho operators to ensure immunity 
from accidental shock, or break down of the insulation between 
primary and secondary of A and A 

Observation!.—(1) Connect np as in Fig 1G3, and adjust the 
instruments to lore where necessary Sco that all lubricating 
arrangements are working properly, also that the gloves are in 
good order and tho mat suitably placed. 

(2) Measure the losses due to the resistance of the leads and 
instruments employing alternating currents, which can be done 
without altering any of the connections thus—with S and S 1 
open, iJiort circuit the primaries of A and B and close S’, S,. 

(3) Vary A so as to obtain about six different currents through 
(a) from 0 to the full load current of A or A by causing the 
secondary voltage of C to vary suitably. Note the corresponding 



ELECTRICAL ENQINBE&LEO TEETJNO 


«1 


readings on }i\ (the power given out by the secondary of (7), which 
therefore at once gives the required losses in Watts in leads 
and instruments for each particular current passing through them. 

(4) Measure tho copper losses in the coils of tlio two trans¬ 

formers A and 11 by opening L\ and closing E, S } and S s and 
observing the readings of IT; for some six dilforent current* from 
0 to the maximum of A and li, ns read off on a. 1 

(5) Measure the ipon or cors losses in tho two transformers X 



((I) With .‘4 and S i open, close i S, and S and note tho readings 
of Uj. Oj and 1^. Then n L will indicate twice tho no-load 
current of oilhcr transformers A or II, and ir s twice the no-load 
losses in either. 

Tabulate your results as follows— 

Nun ... , .. 

Trwufonncr u*cd ltd Step-up: No..,. Typo... JJakD.,.: B4.lat.Jfy a ... jfy » ...Oturu, 

„ H Blop-<Jown:No..« „.j „ Jlj,*... u 

„ Kn..., Output - Yulia «... Alllin.-... Uonstnotof WaUntoU r .. 


u 

Si 

!& 

eU 

t 

fc-s^fs 

h; 

1 

! 

CunauL 

Total LosaCf in 
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lid 

ifi 

ali 

if- 
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d 
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Ijs 

ill 

3“ 
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ic 
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llff 
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(7) Plot the following curves on the flame curve sheet having 
currents (a) &s abscissa, and for the ordinates the following—* 
(i) Losses in leads and instruments; (ii) iron core losses; (iii) 
a*-R losacu in the coils of A and B\ (iv) total aPR losses in 
A and A Also with efficiency os ordinates, and load IK in 
Watts os abscissa), 

(8) Reverse tlio positions of A and JJ, and repeat llio above tests. 

Inferences.—State very clearly all that you can infer from 

your experimental rosuits. 

{142) Measurement of the Efficiency of ordi¬ 
nary Single-Phase Transformers by 
Blakesley’s 3-dynamometer Method. 

Introduction.— This} method necessitates tho use of two 
Ordinary Siomcua elcctro'dyiiainoinetorsj, in which of course the 
moving coil is in serio* with and carries tlio same current as the 
fixed coil, whence the angle of torsion is proportional to tlio 
\/moaa stjuure value of U 10 alternating current, and in addition 
the use of a third Siemens electro-dynamometer, arranged so 
that the moving coil has its own separato terminals, and is not in 
scries with the feed coil. 

If then two alternating currents of equal period, from cither 
tlio same or different &ourcoR, flow through the two independent 
coils, the periodic timo of oscillation uf tho moving coil bring 
very large compared with tliat of the current, the angle of torsion 
is proportional to tho mean product of the simultaneous ins tan- 
tniieoim values of current throughout tho period, and is called the 
“ split dynamometer u reading. 

Jf A 0 and AJ — maximmn values, and A, A 1 the mean values of 
two simple periodic alternating currents, one of which lags behind 
the oilier by an angle a, then tho ordinary dynamometer will 
give A — £ A? and A 1 — ^(if On passing these currents through 
the split dynamometer its reading $ would be s» iA,A 0 l cos. <r, and 

‘“““■•"'OT 

The following method is quito gtneral, Bad docs not assume 
that the enrrent is a simple sine lunctiou of the time, but does 
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assume that there is no magnetic leakage, i.e. that the number of 
lines cutting tho primary and secondary are the same. This is 
not true in all types of transformers on full load, but is nearly so 
in closed magnetic circuit types. 

Since the split dyjminomolor gives no reading on open 
secondary circuit, this method m useless for determining the 
“open circuit ” losses. 

Apparatus.—Two, ordinary Siemens electro-dynamometer* 
A X A V and one split dynamometer (A); tmnsformor T to be 
tested; non-inductive resistance L (such as a Ixmk of lamps to 
tako up the secondary load) (pi 69ft); alternator }) \ ewitebos H x S s ; 
voltmeters V x V 3 ; non inductive Wattmeter W, inserted merely 
for tbo purposes of comparison. 

Observations.—(1) Connect up as in Fig, 164, and adjust 
the instruments to zero where necessary. See that all lubricating 
cups in use feed slowly und properly, then start D. 

(2) S i being open, clobC and adjust the spend and excitation 



Fw. 164, 

bo that threads the normal voltage required for the primary at 
the normal frequency of the transformer. Note tho readings of 
A v Y x and If. 

(3) Close ft, aud adjust L bo that A^ reads about - x $ of the 
maximum secondary current, the voltage V x being kept normal by 
varying the oxcitotioD. Now note the readings of A 1 A v A it V x , V 2 
and If, 

(4) Repeat 3 for about ID secondary load currents, rising by 


(5) Plot curves Urging values of IKs as abscissic, with efficiencies 
god V 3 as ordinates. 

(143) Measurement of the Efficiency of Multi¬ 
phase Alternating Current Transformers. 

Introduction. —The determination of tl.o efficiency of ordinary 
siuglc-phriEe transFormra-s has already been fully considered in tile 
preceding pages. 

The present test does not differ materially in priucipio from 
those in question, and practically the only difference is in 
the method of measuring tho power absorbed and developed by 
the multiphase tiwnsfoiuuer, and which possesses some character¬ 
istic differences from that used in tho case of the ordinary singlo- 
phase transformer. 

Most of the preceding methods are equally applicable in the 
present cuko whether the transformer is of the two or tho three 
phase type. The reader should refer to p. Dtl6 for the method of 
measuring electrical power in two and three phase alternating 
ourrent circuits, where a more detailed description of them will 
be found. If in the present instance, as in fact with any others, 
the rheostats or circuits in which the load is to bo absorbed are 
strictly non-inductive, »,e. are of the nature of incandescent lamps 
or water rheostats, then providing such load-absorbing devices 
operato equally on each of the sections of the circuit thus main- 
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tlining » balanced system, tho output can quite accurately 
enough be obtained from tho ammeter and voltmoter readings in 
the manner set for-th on pp. 361} et iey. 

For the present test, wo will assume that the efficicnoy of a 
3-phoBe traoofonner is required. by, say, tho single conversion 
method. 

Apparatus.—Tire 3-phase transformer to be tested, of which P 
is the primary winding and S the secondary shown in Fig, 163, 
with the star or open winding; two non-inductive Wattmeters 
IK, and IF,; throe Farr's direct-reading dynamometer ammeters 
A, d, and A , (p. 572); three voltmeters V, V i and V t ; 3-pha>« 
variable rheostat Ji (non-inductive) capable of operating equally 
on each lino (p. Cnh); Bourco of 3-pbuse ourreut S ', two 3-throw 
switches SSS and S l S l S l . 

Hots.— If tho 3-phase rheostat R is not non-inductive, then 
two additional Wattmeters will bo necessary in the secondary 



circuits connected up in precisely tho same way os those Bhown in 
the primary circuit, tho secondary output being then given by the 
sum of their readings at any particular load. 

Observations.—(1) Connect up as in Fig. 165, and adjust all 
the instruments to zero, levelling such as require it. See that 
all lubricating cups in use feed slowly and properly if the sonree 
of 3,-phase current supply E is controllable. 

(2) With S i S 2 S l open, close SSS, and adjust the speed of the 
generator so os to give tho proper poriodioity for tho transformer 
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and then the excitation, fio *s to haw the desired voltage, shown 
by V across tho primary. 

Note the i*espectLve Wattmeter readings IKj and }V it and if 
possible that of A in addition to V. Thou (+ IP S ) ~ the mo- 
load f*rim&ry ivpitl — tho magnetizing losses. 

(3) With H at its maximum, close 3\ S t S { and note the readings 
of all the instruments for some ten or twelve socuedary lond- 
curmds from tho smallest to tho maximum permissible, rising 
by about equal incicmcnts at a time for constant secondary 
voltage. 

(4) Calculate tho secondary loads (IK$) from tho relation— 

ir»= ^Saj^ctc., 

and tabulate as follows— 

Nake .. . Date .,. 

TiiObfoCTimr traled ■ No. , , , Tjpa . . . MaUr . . . 

N'tfjrol: Vuill.,, Amp*.., * I'liimhcil? .,, HVj(U,,. CwisUut of 1 IF, b . , ( 

K^JblaudO: Bach rnumj roil Jt, t± .,. dIiibv ft,.. 'CL VT.il lintltr. J IT] c ,., 

„ : „ StfiuiKlmjf . 
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(5) Measure tlio resistance of the tniiiKfurjisrr coils by means 
of either the Wheatstone Bridge or Potential difference method. 

(6) Plot the following curves botweon— 

Efficiencies t} as ordinates and secondary loads (>/j dj Fj) ns 
abecissie. 

Power Factor os ordinates and secondary loads (^3 P t ) as 
abscissae. 

Inferences.—State clearly all that can ba inferred from your 
experimental results. 
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(144) Efficiency of a Nodon Valve Electro¬ 
lytic Rectifier. 

Introduction.-Tho necessity of obtaining continuous current 
for certain purposes, snob as oloctrolyLio work and tho charging 
of secondary colls, whore, frequently, the only available public 
supply is alternating current, lias led to the introduction of 
rectifiers for rectifying alternating into continuous or unidirec¬ 
tional current. 

Of such appliances, thcro nro now several commercially 
Successful forms; tlmb known as the nodon valve consists of 
ns many pairs of cells grouped according to the Leo Ciutz 
method (Fig. Ififi) as thoro are pliusos of current or distributing 
mains, in order to obtain a single rectified current. Each cell 
consists of plates formed of an alloy, mainly composed of 
aluminium, acting as cathode, immersed in a solution of borate 
or phosphate of ammonium or other salt for mod from tartaric, 
acetic, oxalic or gallic acids. Tho solution is capable of rapidly 
altering the condition of tho polarizing film formed by an 
alternating current on tho aluminium. Tho containing coll is 
made of load and constitutes tho ano.li 1 . The electrolytic action 
biking place is a* follows— 

In one half period of tho alternating current, current tends to 
flow from aluminium to le ad, but rati not, owing to an insulating 
film of very high resistances being formed over llui aluminium 
(cathode) plate. In tho next half (reversed) period, tho current 
actually is ublo to flow from foul to ttbunfaium owing to tho 
instantaneous depolarization or reduction of the film on (lie 
aluminium plate- The principlo on which both semi-wives of 
the period of an n.c. supply are utilized,'is tlmt proposed by 
Leo Clretz, and shown in Fig. LtiG, fora single phn*e alternating— 
to direct—current transformation. A and /1 lire the aluminium 
and lead plates rosjieclively of tho four coll* /, /, and //, I[„ 
The continuous arrows represent the divectiou of current in 
the valve during one half of a period when the current of the 
alternating supply flows from V to II. The dotted arrows show 
tho direction of current in tho valve in tho next half period 
when the supply current flows in the reverse direction from 
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It to P. Thus for tho first half period it :h blookod in cells II, 
II, and in the second half period it is blocked in cells I, I, 
A unidirectional current therefore always flows from D to 0 
through any load (r) whether motor, secondary cells or resistance, 
etc. To obtain greater constancy or uniformity of d.o. voltage 
a suitable condenser can bo connected across D nud C. A single 
ralve will stand a.c. pressures up to 140 volts between Q and 
It, that between D and G being about 90% of this, for higher 
a.e. pressures two or more valves may bo combined, or an 
"economy coil” typo of transformer connected betweon valve 
and a.c. supply. The pressure between D and C may be 
raised to any extent by a corresponding variation of that of the 
supply between Q and R. 

The temperature of the electrolyte must not be allowed to rite 
much above G0“ C., and in large valves, forced air draught around 
the cells is resorted to in order to keep dowu the temperature. 
The valve may be used on any periodicity employed in practice 
up to 100 ~ per sec. or more. A starting resistance ( S ) must 
bo employed with the valve when this has been out of uso for 
a few hours, in order to reform the insulating pellietile on the 
oluminiom plato. This only takes a few seconds and provents 
a sudden heavy rush of current through the valve. The resist¬ 
ance or inductance of S is cut out entirely afterwards. 

Evaporation of the solution is made up by adding distilled 
water and the solution need only be renewed at long intervals. 

Apparatus.—The nodon valve complete; starting resistance 
(S); alternating current ammetor (A), voltmeter (F), wattmeter 
(IF); direct current ammeter (a), voltmoter (u); load or variable 
resistance (r); thermometer; source of a.c. supply; economy ooil 
or transformer if a.c. supply exceeds 140 volts; switches S lt S r 

Observations.—(1) Connect upas iu Fig. ICO, and adjust all 
the instruments to zero, levelling such as require it. Q and R are 
the terminals marked AIT on the velvet and are to be connected 
to the a.c. supply: D and C are the terminals marked + and 
If machinery is being run for supplying the valve, see that all 
oil cups feed very slowly and properly. 

(2) With S l and S t opan and B fell in, adjust the a.c. supply 
So that V reads about 140 volts, the periodicity being kept 
constant at normal value. Now close S v and note,the readings 
of all the instruments. 
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(3) With still open, gradually cut out 5 to shoit circuit and 
again note all instrumental readings and the temperature of the 
electrolyte. 

(4) Re insert S and with (r) fall in, close S 3 and gradually 
cut out (S) to short circuit. Neat adjust (r) bo that (n) reads 
about ^jth full output current and note tho readings of all the 
in Btr nine ate. 



(5) Re-adjuat (r) so ns to obtain some ten different load 
currents on (a) rising by about equal increments to tho maximum 
for which the value is intended, and note the temperature and 
readings of all instruments at each. 

(6) Repeat {6} for a widely different but con*tout periodicity 
(if available) above and below normal at tho same voltage if 
possible. 
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{7) Repeat (5) fnr a constant supply voltage, say 50% less 
than before, at normal periodicity. 

(8) Open (.?j) nnrl at constant noimal periodicity, note the 
readings of nil the instruments for ton different ..voltages between 
0 end 140 volts. 

(9) Witn a convenient constant supply voltage and S 2 open, 
take readings of all the instruments for ten different periodicities, 
ranging from the maximum obtainable downwards. 

(10) Repeat both {8 and 9) for & closed, constant full load 
being maintained on (a) by varying (r), and tabulate all rosulte 
as follows— 


Na tin , , , Datk , , . 

K rxJon Valve l N’r>. . , . No, uf will . , % 

Am of Aruxla . . , sq. In, Am of Uitluilo Id, 

Uaiiiulitn output Allljs'ret «± , * » 


VAlue 

or | 
& 


Trmpr. 

uf 

B»lu- 
1ion. 


i. 



rdhiuy. 

Brcondai y. 

rtrioiB 

pir 

sm. 

Volta Amp*. 

(n ifi 

Walt- 1 

Tnpfcra 

ltmd- 

fug 

mv. 

Tru* 

W*tt- 

ir. 

Ap- ^ 
rar»ot 
Walls 
AY. 

roM*r 
Factor 
ir j 

\ 

1 1 
i Volta 
! 0) 

1 

Am|«a. Wkth 

| (at | («<)■ 


1 1 




_\ 

,_i 

1 




IIaLiu 

Kfflcl- 


WICJ 

elan 

* 

if 

V 





Note.—If the valve is coolo 1 by forced air draught, the power 
absorled in producing tlio draught must be added to the true 
watts (ll 1 ), or watts (an), accoirling to whether it is supplied by 
the primary or secondary circuit respectively, 

(11) Plot curves on the samo sheet, having values of—power 
factor; volts (v); efficiency; and voltage ratio as ordinates, with 
Secondary load (or) as abscissae; also between efficiency as 
ordinates and temperature as abscissa! at constant secondary 
load. 

(12) Plot curves (for Exp. 8 ami 10) with voltage as ftbsciasra 
and the other quantities as ordinates; also (for Exp. 9 and 10) 
with periodicity as abscissa: and the other quantities as ordinates. 

Inferences. —State clearly all the inferences deducible from 
experimental results. 
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(145) Efficiency of a Rotary Rectifier. 

Introduction.—Ilotary rectifiers arc employ ad for the purpose 
of rectifying single-phase alternating current into unidirectional 
or continuous current, and comprise a special form of commutator 
driven at synchronous speed by a suitable 8ing1o-plia.se synchronous 
fuc. motor. 

Tho now well-known Ferranti rotary rectifier comprises, in 
addition, a constant-current fctatio transformer, which, when 
supplied with varying a.o. at constant procure, automatically 
delivers constaut direct current at varying pressure for supplying 
arc lamps iu aerieB. Since tho motor id driven in this case from 
a separata second,iry coil on the static transformer, the ratio of 
the d.c. power output to the a.c. power intake by the primaries 
of the transformer gives tho overall net efficiency which may be 
over 91 % at a full load of 40 II.P. with a power factor of O’DO. 

In the Morton and Wright rotary rectitior there is merely the 
special commutator and synchronous motor, tlio rectification 
being from varying current at constant a.c. voltage to varying 
current at constant voltage on tho d.c, side. 

Apparatus,—Tho rectifier complete comprising—motor Af t 
commutator JJ t diphase? D aud .starting switcli .S'; ammeters A f0 
Aj. autl Au‘ t voltmoteia V and V u ; switahea S lt S n , Sa and. Sj» 
and two-way volt me tor koy A r ; wattmeter IF; load absorbing 
device A 0 ; and non-inductive regulating lunistanco r m (if 
necessary). 

Observations.— (1) Connect up ns in Fig. 1117. The terminals 
marked ( 1 / 1 ) Fig. 1C7, are for the motor circuit, and those marked 
DC and AC m*e tho terminals for the direct nnd alternating 
currents sides of the rectifying commutator )}. Adjust all the 
instruments to zero, levelling such as require it, nnd gee that the 
bearings of the recbiGer, and those of any other machine in nse, 
are properly lubricated before starting. See also that the two 
brushes, which rub on the central-sectioned part of the rectify¬ 
ing commutator, are adjusted to touch on tho thin strips 
simultaneously. 
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• 

(2) Willi the '-mikh (S) oji the stud marked Start, closo and 
S m only, and move the brush rocker on tlio motor itself, until 
the machine omits a constant hum and runs quito sparklessiy, 
when it will then be in synchronism with the supply. Now 
switch S to the right-hand contact end if necessary re adjust the 
position o. tlic rocker to obtain sparkless commutation. 

(3) With A" on 7„ note the readiogs of 17, A, and V, 



(4) With It B full in and S t open close S x and again note IT, 
A„ V, A a and K ft A' now being on stud V A and V m in quick 
succession. 

(5) Close S c and note the readings of all tho instruments far 
sbonl ten different currents on Ap, from 0 to fail load, by varying 
Bp; adjusting tho brush rockor of the rectifying commutator to 
get sparklets rectification at all loads. 

Tabulate all your results as follows— 
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Nwm . . , „ ,. 
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(6) Plot the foil owing curves between output Wj, aa absciM 

W- W 

and voile ) r D - t waits )T- f —^-p—j etliciency; and voltage ratio 

oF conversion, as ordinates in each rase on tho same curve sheet. 

Inferences.—Stale concisely all the inforonces which may be 
deduced fiom the results of tho above tests. 


(146) Efficiency and Characteristic of Alter¬ 
nating Current Rotatory Converters. 
(Run from the Direct Current Side.) 

Introduction.—Tho rapid development of multi phase alternating 
currant machinery, but }«rbaps more especially of that particular 
class of the same, known now commonly by the name of the 
Rotatory Converter, marks ouo important epoch in the history 
of this atl'jinpurtant ond cver-i 11 creasing brnnrh of industry— 
Electrical Engineering. There are several different types of 
transformers, but nil como under one or other of two main heads. 

(1) Static transformers or converters with no moving parts. 

(2) Rotatory transformers or converters having moving part*, 
nnd on which latter their very esietenco depends. The former of 
course include the ordinary every-day transformer which we are 
so accustomed to see. 

Tbe type 1 transforms electrical energy ol one species at a 
particular pressure into the same species but at a different 
pressure, while type 2 transforms electrical energy of one species 
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into that of another. To this class belong the various forms of 
multiphase rotatory convertors. Those converting from multi¬ 
phase alternating currents to continuous currents or vies vend, 
are usually multipolar machines, having any number of pairs of 
polos up to about 16 or more, with a periodicity ranging from 20 
to something like 00 per see. Owing, however, to the con¬ 
ditions imposed by the relations between voltage, speed and 
size, tliey usually operate best at the lowor periodicities. 

The rotatory converter to bo tested consists of an ordinary 
direct-current machine, with the usual armature winding and its 
commutator at one end and three slip rings nt the other, connected 
to three points on the armature winding—0, $ and £ of the polar 
pitch apart, {,<. in a two-pole machine at 120" apart, The 
machine when driven as a motor by direct currents taken in at 
the ordinary commutator end develops a 8-phase alternating 
current at the slip rings. It is this type of converter which is 
beginning to be used now on a large scale, ODly with more than 
one pair of poles, in long distance transmission of power, as 
follows—Polyphase alternating currents being transmitted at 
high pressure from tho distant generating station, are reduced to, 
say, 100 to 300 volts by static transformers at the near end and 
then converted by the rotatory converter into direct currents, 
which may be employed for tramway, lighting, electrolytic pur¬ 
poses, or for charging storage cells. In any converting appliance, 
and therefore in any converter, tho (total energy jntl t«) - {total 
energy given out) - (total internal losses). These are made up of 
mechanical frictions at journals, brushes, and due to wind or 
air churning, magnetic hysteresis, eddy currents and copper 
loss os. 

Owing to the armature reactions of the dynamo and motor 
currents practically balancing one another, no lead of the 
brushes in either direction is needed for sparkless running. 

A rotary convertor is usually inn from tho A.C. aide in 
practice, hut when "inverted,” i.e. run from tho D.C. side, ss 
in the present instance, the nature of tho external circuit will 
have the same effect on its field as it has on that of an A.C. 
generator, but with additional effects. 

Thus on inductive load or power factor leas t han unity, a 
leading currant will cause an armature reaction which will 
strengthen the field and hence reduce tho speed, while a lagging 
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current 'will cause a reaction that will weaken the field and 
honoe increase the speed, in either cause producing a change 
of frequency. 

In fact, tho increase of apeed may become cxcewsivo from 
either small lagging power factors or short circuit causing 
excessive weakening of the field, which can only he counter¬ 
acted by an increase in tho natural excitation of thu field 
proportional to the effect causing the increase of spooll 

Apparatus.—Multiphase convertor C to bo tested in tho present 
case assumed to be for 3-phaso currents; source of direct-current 
Bupply E\ direct-current ammeters A and a and voltmeter V\ 
alternating current ammeters A i A^A^ and voltmeters V 9 V a ; 
non-inductive 3-phase rheoBtat E l R v and ordinary ones R 



(p. COG) and r (p. J)99); triplo-pole switch S l S s and S ; non- 
inductive Wattmeters W x and ; tachometer. 

Note.—Certain pieces of tho above apparatus are not absolutely 
necessary to tho test, hut when available may preferably bo 
inserted and used so els to clearly show what Is actually taking 
place. Thus if tho three resistances R l 7? s constitute a premier 
3-piioeo rheofltut (water or otherwise) (p. GO 7), which ojxrutes 
f equally ou each of tho mains, then in addition to apparatus as 
before we need only havo—one single 3-phaae rhoostat R i R i j 

one ammeter and voltuioter V x instead of the three; ono 
3-throw awitcV £ 4 , to close the three circuits iimulUneously, 
sod one Wattmeter, 
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The reason for such an alteration is fully deseribod on p. 389, 
in connection with |>owor measurements in multiphase circuits 
that are symmetrically loaded. The method or rule for deducing 
tlio power absorbed in such cases will be found there, and 
must then ho used, Iu the present case wo will assume that the 
circuits are not symmetrically loaded, 

Fur a more detailed description of power measurements in 
multiphase circuits, see p. ,188 et seq. 

Observation*—(1) Connect up as in Fig Ills, and adjust all 
the instruments to zero, levelling such us require it. See that all 
lubricating urrangemrnh iu use act properly. Increase R 1 R % 
to a maximum and r to a minimum. Hec that nil the switches 
are open ami that tho brushes aro fixed in tho neutral position, 

(2) Start C like an ordiimiy D,C. motor, tho speed and volts 

V being adjusted to, and kept constant at, tho normal values. 
Take readings of all the instruments with &i\ $ s open, and 
again wilh S x S 2 closed, for alxuit ten iliffbrent load currents 
Oil A x A« J 3 rising by alxrat equal amounts to tlie maximum 
permissible by varying R v 

(3) Tlu* excitation (a) and volts {F} being now kept constant 
at normal valuo, repeat tlie readings in 2. 

(4) The sjMtid and excitation being next kept constant at 
normal value, repeat 2. 
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(5) Rcpoat 2-4 for a highly inductive circuit R t R t R r 

(G) From obaenations 2-5 plot the efficiency cuivc haying 
J/ t as absciss® and 2 as ordinate*. 

The external or characteristic with V t os ordinate* and A 1 
as abscissa*. 

The current characteristic with A as ordinates ami A x as 
abscissa*. 

The voltage ratio, jjiput, and speed as ordinates and If t as 
abscissa*. 

From thn curront characteristic indicate how l ho olfudeucy of 
the convertor eould bo calculated at any load and also work out 
tho ratio of curront transformation. 

Inference.—State very clearly all that can bo deduced from 
your experimental rosults. 

Rote.—If n = nuuibor of arinature windings pur radian, 
e » maximum KM. L\ per turn of winding, 
and if wo ansumc tho flux in tho intevpokir epaco to Im .sinusoid¬ 
ally distributed, and that tho Tl.M.F. is a sine fund ion of tho 
time, then tho vnlUigo ratio of conversion with 3 pliase 
connection^ 


V 2 ** 

2 718 


=wi 


and the virtual voltage across any pair «f sliptullector rings will 
«*f)V23 whan that impressed on the direct curront sido-=10l) 
volt'?. 

In other words, tho voltage ratio of conversion with «nw 
dUtribiUimi of flux in tho interpolar apace 
= 51 * 23 %. 

As, hnwover, tbo flux is never so distributed, and, moreover, in 
tho voltage ratio depends to a large extent on tho polar arc, pole, 
shape and position of the brushes, tho above ratio is ouly rough I y 
about what may be expected. 

Tho (?ll total lone nnd temperature rise will bo loss in tho 
machine used as a convertor than when used as a dynamo. 
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(147) No-Load (open circuit) Characteristic 
or Magnetization Curve of Continuous- 
Alternating Current Rotary Converters. 
(Run from the Continuous Current Side.) 

The No-Load Characteristic! or curvo of magnetization of a 
converter from which its magnetic projx'rtics and most suitable 
excitation is scon cau bo obtained in one of the two following 
ways— 

(1) by driving tlio rotary at constant spiteil from a direct 
oouplrd motor, or 1 ly Indting, and noting the readings of tlio volt¬ 
meters across the d.e. ami a c. cities res actively for each of some 
ten values of exciting current obtained from some outside d.c. 
supply, and differing by about equal amounts From 0 to say 25% 
ubuvo normal excitation and hiking a similar descending set of 
leadings. 

(2) By connect iug up exactly as in Fig. id if and driving tiio 
rotary as a motor from its d.c. side. 

With the field current («) adjusted to any 20 % iilwvo its 
normal vuluo (if possible) start tlio rotary up in the usual way 
to maximum speed obtainable with this excitation, and if cut out. 
Note the rcmlings of spued (to insure constantly thraugbaut) and 
both me. and d.c. voltages for this maximum excitation, and fur 
each of about ton smaller values obtained by increasing r and 
differing by about equal amounts down to tbo minimum prac¬ 
ticable, the speed being kept at ilia same constant value by 
increasing R. and tabulate as on page 436. Blot tbo magnetization 
curve, having exciting currents as abscissa, and tire a.c. and d.c. 
voltages as ordinates respectively. 

Deduco a third curve by joining the points obtained on 
deducting the armature drop {= current X its resistance) from 
each of tbo d.c. voltage ordinates. 

Plot also a curve having ac. volts as ordinates with d.c. 
volte si absciss® and deduce the voltage ratio of conversion. 
Compare this ratio with the theoretical value and explain the 
reason for any difference. 
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(148) Effect of Variation of (1) Excitation 
(a) Speed on the Voltage Ratio of a 
Rotary Converter (Run from the Direct 
Current Side.) 

OlnemttaiM.—(1) With exactly tlio aaxno connections aa in 
Fig, 168, and with 8 V S r S t open, note the readings of all the 
fnstromopU for constant speed throughout, for about eight 
different values of exciting current (a) differing by about equal 
amounts between tlio minimvim and maximum t&Iuob possible. 

(2) lb peat (1) with 6\, S r iS 3 closed, and at } ami full 
load rcnpoctivcly, the load being kopt constant by varying 

2t t , It* 

(3) llepcat 1 and 2 for a similar variation of speed at 
constant normal excitation ami tubulate as on j>. 43G. 

Plot curves for TchU l nud 2 at each load having exciting 
currents (a) a* absciss®, and (l) a.c. volte, (2) do. amps, (3) 
voltage ratio of conversion, us ordinates in cnu.1i ease, and for 
tests (3) curves* having speeds as abaci*!-® with voltage ratio - 
a.c. volts* and d.u. ampa. as ordinates. 

Inferences.—State concisely all that cun be doducod from the 
results of your in veatigationa in the present teat. 

(149) Efficiency and Characteristics of Alter¬ 
nating-Continuous Current Rotary Con¬ 
verters. (Run from the Alternating 
Current Side.) 

Introduction.—Tlio investigations to be made in the present 
case are all the more importnut end instructive liecause the usual 
application of this kind of rotary, commercially, is to convert a.c. 
to d.c., the machine being supplied with a.c. nod running as a 
synchronous a,a motor. The speed at which it runs will there¬ 
fore solely depend on the number of poles in the held, and on 
the periodicity of the a.c. supply, and if this latter is constant the 
spoed will be also, irrespective of the load developed at the d.c. 
side, or of the excitation. As the load increases, for oonetant 
power factor, a.e. voltage, and freqnonoy, “ armature reaction” 
oauees an increasing drop of dx. voltage, and, farther, a decrease 
of excitation Is necessary to maintain constant power factor, but 
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an increased variation of d.c. voltage results. On the other 
hand, a constant Dictation increases the intake current, bub 
decreases the variation of d c. voltage. By varying the excitation 
to maintain constant d.c. voltages, this latter, and a! bo the 
efficiency, is increased. In order to minimize tbo variation of 
d.c. volt-gc?, aud maintain a constant voltage ratio as the load 
changes, rotaries are usually compound wound, tliu scries coils, 
just as in the ca.se of an ordinary compound dynamo, producing 
an increase of excitation proportional to the load, and aitmil- 
taneously, the necossnry dinuge of power factor. A rotary can he 
oveL'-compouuded so at> to give mi increasing dc. voltage with load 
to make up for loss of voltage in trauBmUtdoD, in which case unit 
power factor is obtained by field regulation at some fraction of 
fall laid, thereby giving leading currents at full load. On a light 
constant load, a given variation in the excitation causes a much 
greater clungo in the current intake and power factor than it 
would do oa a heavy constant load. Since the lost armature 
volte in a rotary run from its a.c, sido - (current x armuture 
impedance), while when run from its d.c. tide this quantity 
-current xuimature resistance, mid also owing to the power 
factor not being unity; to tho wave-forms of a,a supply, and of 
tho rotary (ran from the d.c. aide) hoiugdifferent; and to armature 
reaction, tho voltage ratio of conversion will he different when 
run from the d,c. and a c. side*. Further, when tho power factor 
of the circuit is low and the current comparatively large and 
lagging, the supply and lost armature volte will bo more nearly 
opposite in phase, and hence a larger armature drop rcasulte 
ut the small excitations. A rotary has unit power footer at & 
particular excitation, ulso too low iiii excitation causes the current 
to lag, while too high an excitation causes it to lead as shown by 
the V curves betwuen excitation and power factor obtained in 
the above investigation. Constant d.c. voltage at all loads can 
be maintained by adjusting the excitation to give unit power 
factor at full load. 

Apparatus,—Precisely that prescribed fur Tost 3t6, except 
that the jug, supply is substituted for, and takes the place of, 
H v R v J? a , and that some fora of synchronizer is needed. If the 
phases are equally balanced, or if all the instruments on the a.c. 
side are unavailable, then any two ammeters such aaJj and A t 
and any two voltmeters such as V v F, may be omitted. Also one 



ELEOTRICAL ENGINEERING TESTING 




of the two wattmefcore shown might Iwi omitted, means being pro- 
vidod by a two-way key for connecting one end of the fine wire coi! 
of tho wattmeter used to tbo remaining two supply mains in 
quirk succession. It will bo noticed that a throe phsso rotary is 
assumed for the tost, but the sumo considerations and investigations 
would apply to singlo- ami two-phase rotaries. 

Connection!.—' To bo as shown in Fig. lfiH, unless modified by 
a reduction in the number of a.c. instruments as mentioned above. 
Tho simplest and most convenient form of synchroniser to 
employ consists of two ordinary glow lamps supported in two 
ordinary bayonet holders connected in series and carried on a 
base board with two terminals. The Bum of tbo voltages marked 
on the lamp bnlliswiKSf not is fcs» thrm the sum of tbo supply and 
converter a.c. voltages, Tbo two terminals of this **lamp syn¬ 
chronizer'’ may lie connected so as to short circuit N lt say a piece 
or thin wire abort circuiting, say, S r 

The Proceis of Synchronizing the rotary with the a.c. supply is 
usually most conveniently aecompliulied as follows— 

(a) Adjust all instruments which need it, and with 
open, shut tho rotary up as a <l.c. motor from u d.p. supply K, by 
closing 8, and operating tho starlor (not shown), with which tho 
mad lino is provided, in tho usual way, 

17aB.—Tf there hi no star tor, tho adjustable load resistance It 
may bo uacd for shirting lip. 

(A) Adjust 11 xo as to obtain tho $am6 tvltmjc on V 2 as that of 
tho zuiiin o.c. supply, and tlion adjust r to givo such a speed that 
tho lamps go out. The o.c. supply and a.e, voltage of tho rotary 
are uow equal to, and opposing, ono another, and of the same 
frequency, and henco in synchronisms T J*li« switch 8^% must 
now bo closed, and S at once opened, when tho rotary will con¬ 
tinue to ran, now as a self-oxciting throo-phaso synchronous a.0. 
motor. 

It may be mentioned lliafe the a.c. voltages of the main supply 
and of the rotary are in assisting series when the lnnipe show 
steady luminosity, whilo between this and the “quite out ” con¬ 
dition thoy pulsate in brightness due to the current pulses of the 
two-E.M.Rs trying to catch np to one another. 

Of course, a separate motor, or driving source, if available, 
might be ufipd to run the rotary up to synchronous speed instead 
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of tho thr. supply uliovc mi mod. If tho d.e, supply used for 
starting-up purposes is unsuitable for giving the lieceesafy a.c. 
voltage ou the rotary at tho required spend, the rotary may bo 
ruu up to a much higher sjieod than that of synchronism, S then 
being opened, and afterwards S^S j closed, nt tho moment whan 
tho apeou fails to such a value that the lamps go out. 

Rote. —If an outside d.c. supply is used in synchronising, then 
dhvctly tbo rotary is running synchronously on tho a.c. sappily 
and S is opened, at once disconnect tin main$ K from iht auxiliary 
d.c. supply, nod connect them together to avoid tho p issibility 
of a future mishap by forgetting to do thin at tho time. Several 
investigations on tho operation of the convertor under different 
conditions can now be undertaken. 


Effect of variation of Direct Current Load 
on the operation of the Converter at 
Constant Direct Current Voltage and 
Excitation, and Alternate Current 
Frequency. 

Observations.—(1) Adjust Urn exciting current (a) by mains 
of (r) until tbo intake a.c is a minimum, then with .S' still open, 
unto tho readings of all tbo instruments and tho speeds of the 
rotary and generator (giving tho main ae. supply) respectively for 
normal frequency. 

(2) Close .S' and mite the readings of all tho instruments and 
tho speed, for about right different d.c. loads rising by about 
equal amounts botween 0 and full load, by varying R; hooping 
tho current (a), tho supply frequency, and the d.c. voltage ( V ) 
(by varying the excitation of the mala geueiutor), constant 
throughout. 

(3) Kepeat (1 and 2) above for a low and also for a higher 
constant excitation than that previously found in Test 1 above, 
and tabulate your results os shown in the table. 

(4) Plot curves between d.o. output in amps. A as absoitsse, 
and (a) efficiency X (t) power factor, {«) mean intake a.e. 
amperes, (d) mean a.c, volts, as ordinates in each qaae. 
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(150) .Effect of variation of Direct Current 
Load on the operation of the Converter 
at Constant Alternate Current Voltage 
and Frequency, and Direct Current 
Excitation. 

Observations.—(1J With constant normal ac. voltage and 
frequency maintained throughout, rcjutat (l —4) Tost 149 above, 
plotting for (Id) above the (J.c. \nlt» instead of mwin a.c. vulta 
im onliimtoa. The curve between V and A j* called the d.a 
charactcrintic of tho rotary. 

(151) Effect of variation of Excitation on the 
operation of a Converter at Constant 
Alternate Current Voltage and Frequency, 
and Direct Current Load (“ V ” curves). 

Observations—{!) With S open, and tho convertor running at 
constant normal a.c. vollago and frequency, note the readings 
of all the instruments, and tho speeds of the main generator and 
rotary for about eight different exciting currants («) between tiie 
lowest and highest permissible by altering (r). 

(2) Close {£) and repeat (1) for constant luods of about j, A, 
j anti full d.o. load and tabulate aa indicated. 

(3) Plot curves between d.o. amperes of excitation as abscissa 
mid (a) power factor, (i) intake alternating current, (o) vollago 
ratio of conversion, (d) intake a.c. Watts. 


(152) Variation of Excitation to Maintain 
Maximum Power Factor for Varying 
Direct Current Load at Constant Alter¬ 
nate Current Voltage and Frequency. 

.Observations.—(1) With S open, and the rotary running at 
constant normal a.c. voltage and frequency, adjust the excitation 
(a) so as to obtain minimum intake current, and noto the readings 
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of all tbo instruments and the speeds of main generator sod 
rotary. 

(2) Close S and note the value of the exciting current (a) 

necessary to give intake current at about 8 difforont 

dc. loads between 0 and the maximum (by altering R). tho a.c, 
voltage and frequency being tho 6amo at each load. Note’ all the 
other instrumental readings and tabulate as indicated. 

(3) Plot curves between d.c. lead in watts us abseisns and (a) 
d.c. volts, (b) exciting current, (c) a.c. amperes, (d) power factor, 
(c) voltage ratio of conversion, (/) efficiency, 

>‘jioc , . . Dato . . , 

llvtAry; Nn . , . Tj’|p« , , * tinker . . 

d.e.Suit: Yulia =c , . . Ajnfii ■ . . , flinx'd «.• . 

■.c. Sido: Volta «... Ami*. * . < ■ Watlmeicr Constant! JTj ■ -. *; » ♦» • 

Aminlu'fi r* *» . .. SJiunt f** ■ ,». 8ork9 r*r =■ . ♦, 


i flpfcl of 


Mum Alternating Curt out Supply, | 

1 ttr *■* 

VfT. 

CllfTfllt*. 

VirltagOs 

| VMtiijaLoJsi 


<1 1 1 

r t Tj 

Kj | 11',. | ll’j 


1 1 1 

zi __L_ 



Ittferenoei.—Very carefully consider and state all the infers 
encia which can bo deduced from the results uf your mvOMtjgaliona. 

(153) Efficiency and Output of a “Booster” 
or of a “ Motor Generator Set” 

Introduction.—It frequently happens in proctioo tliat either 
electrical power in one form at a certain pressure is required in 
the same form hut at a different pressure, or that electrical power 
of one nature is required in quite a different nature at the some 
pressure or otherwise. The eloctrical appliance by means of 
which Buch transformations can be effected is variously, termed a 
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“Motor Generator,” “Booster,” “Rotatory Converter,” “Con¬ 
tinuous Current Transformer,” etc, 

In all these appliances the desired effect is produced by 
machinery in motion, and only so long ns it is in motion. The 
motor-driven Booster at tlio present day is essentially a device 
for transforming direct-cm-rent energy from one pleasure to 
another. Speaking in general terms a Booster is a machine for 
adding a small percentage of E.M.F. to a large generator and is 
much used in storage battery systems. The Motor Generator and 
Converter very frequently constitute a device for transforming 
electrical energy in tlio form of direct currents into that of the 



form of single and multiphase alternating currents or vice wrsrl 
The motor generator frequently takes the form of two separate 
machines, on tbu suine bed plate, with their shafts in alignment 
and coupled mechanically. One maohino M constitutes an electro¬ 
motor, fed from an asternal sourco of electric supply, the other 
is a generator J) which is driven direct by the motor and dovulope 
electrical power. 

As machines of this nature are used to some considerable extent 
as " regulators 11 to " feeder mains," and also with some slight 
constructional difference as ‘'equalizers" on the various systems 
of parallel distribution, the determination of their efficiency and 
output becomes of considerable importance. 

Apparatus.—Motor generator MD ; source of electrical energy 
K ; ammeters dj d, and a; voltmeters V , and t',; rheostats A, £, 
(p, C06) and r (p. 099); switches tS, and S t ; tsehometer. , 



446 SLXOTRICAI, JSmmBERnm TKSTINd 

Iat«.—Prior to storting, all lubricators must bo seen to feed 
properly. 

Observations.—(1) Connect up as in Fig. 109, and adjust tbe 
pointers of all tiia instruments to zero. Increase if, to tboir 
maximum and t to a minimum. See that 5, Sj are open and both 
sets of brashes down, 

( 2 ) Close S t and adjust X l so that tho normal speed N for the 
particular “set" tested is obtained. Note simultaneously tho 
readings of A v a, K,, t, and If. 

(3) Close S, and adjust Jf, R t so that A t reads about - : , r full 
load current in amperes, N being tbe same as before. Again 
read alt tbe instruments. 

N.B.—It may be found necessary to vary the excitation of II 
by means of the resistance r in order to keep the speed constant 
throughout any one set of readings. 

(1) Repeat 3 for about ten different, load currents .1, up to the 
maximum, rising by about equal increments at a time. 

(3) Repeat 3 and 4 for speeds 20% above and 00/ below normal, 
and tabulate your results as follows— 

Kami , ., Data . ,, 

Hiker of IffitorOemnlor , « , RnitaU-ir* of Shout CoJl of Af(r*)*, , . ohms. 

Nnmber of „ ... Type. * . Noraul Output Watta. at. .. rera per Etta. 


1 

§ 




1 

1 

£ 

I 

l 

*A*r - "jc 

wtrjc* 

Ji 

0‘S 5? 

ILv 

W 'o | 

* A 




■ 




m 




(6) Plot an oiliciocicy curve for cadi spitd having \V % bu 
abscissa and 2 as ordinates. Also curves having fFj an 
ordinates. 

Inferences.™State clearly all tbo inferences which you can 
draw from the results of your experiment. Could tho combined 
efficiency be increased by any structural a 1 toretions in tbe “ set ” 
tested! 

(154) Determination of the Periodic E.M.F. 
and Current Curves of an Alternator. 

Introduction.—It may eomotimes be desirable to determine 
tho periodio curve or wave of K.M.F. and current in an alter- 
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nating current circuit, for the shape of such curves has an 
important influence on the losses occurring in the iron cores of 
any fipplianoes in tho circuit. In fact, tbo more peaked tho 
E.M.F. curve, or the more nearly it approximates to a sine or 
evoii a triangular curve, tbo Jess will tw the losses occurring in 
such appliances end the greater will bo what is culled the “/cum 
factor” 

Two caspN may aiiso in which it is desired to obtain tbo 
periodic curve?, namely (1) when the alternator supplying the 
circuit is at a long distance away, and consequently iuarccH&ible 
in a sense, (2) when tlie teat can. be appliod clotso to the Alternator, 
if necessary. In cither case some convenient form of rotating 
contact ronkpr must be used to close the circuib of a suitablo 
measuring arrangement for an instant onco every revolution, at 
any definite point in tho period of alternation, corresponding to 
the position of the brush or contact arm. Hence by moving this 
contact arm into various angular positions, tho periodic curve of 
instantaneous values of varying E.M.F. and current at different 
instants can be obtained throughout the whole period or wave. 
Such a contact maker is illustrated and described in the 
Appendix, p. G19, and in case I above it is fitted to and driven 
by a synchronous alternating current electromotor run off tbo 
supply of which tbo E.M.F. or current curve is desired. Such 
a motor always runs at a speed bearing a definite and fixed ratio 
to tlio periodicity of tho supply current. In case 2, the one wo 
slmll liere consider, the contact maker is fixed to, and is driven 
by, the rotating portion of the alternator itself, 

Knowing then the periodic curves of E.1LF. and current in a 
circuit together with their pha*e rente, at once seen from tho 
relative positions of the two curves, tho truo instantaneous power 
developed in that alternating current circuit can at once be 
deduced. 

Tho following method of obtaining such curves consists in 
charging a condoneor to a certain E.M.F. by j>eriodically 
connecting it, by means of the contact breaker, to the alter- 
anting circuit to be tested, and measuring this E.M.F. by an 
electrostatic voltmeter. This will therefore bo tho instantaneous 
value of the potential at the point of the period of alternation 
corresponding to the position of contact of tho brush on the 
contact maker. 
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The function of the condenser is to maintain tho instantaneous 
voltage at a uniform value and so insure n steady reading on tho 
voltmeter, notwithstanding the leakage usually occurring from 
it, in the interval between successive oontoots. 

If a Kelvin multicellular voltmeter (preferably dead beat type) 
is used lor the test it will bo necessary to obtain a falso zero of 
about 30 on its scale, as tho one volt graduations only commence 
from till* point upwards. For this purpose an aim I Lay voltage 
of about 30, which can he supplied bya battery of about 15 small 
secondary cells, may bo used. As the circuit is closed by the contact 
maker for a small fraction of a second only, the condenser should 
have a small capacity,othrrwUoit may not be f ully cl uuged. Even 
though V and C are well insulate! a certain amount of leakage 
may occur, depending on the Tate of contact— i. e. on tho speed of 
D. A known steady P.I). should therefore bo applied in place of 
the alternator 1\1)., and the speed adjusted to the value above, 
then if there is leakage V will read differently when the contact 
is stationary and when periodic; tho ratio of these two x fj gives 
tho instantaneous P.D, In the determination of the current 
curve a low non-inductive resistance should be used, so that its 
introduction may not affect the existing conditions of the circuit 
to any appreciable extent. The P.D.s in this case will be small, 
end can be measured by the ordinary " Null deflection,” or 
halunco method on a potentiometer. Tlio amperes per scale 
division can be found by passing a 11 known steady direct 



fte. no. 


current” through (r) 
fram a supply in place 
of H, tho rate of con¬ 
tact bring as abuvo; 
then known current 
a scale reading = aui- 
pores per dir. 

Apparitor — Alter- 
nator D with its excit¬ 
ing circuit; contact 
maker J/(p. 019); woll- 
josal&tcd electrostatic 
voltmeter V (p. 503), 
and also J to J »</.<!. 


condenser C ; well-insulated battery B ; A.O. voltmeter Fj; A 0. 
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ammeter A ; switches S and ; low! resistance 1 £, in which the 
current Vvavc is to bo funnel; non-inductiveivsisfanct'r, of such a 
fiiso lib will carry the oumsnt without sensible hi il ting; sennit ive 
1UI. galvanometer (p, 069) \ potentiometer EQ (Fig. 171), with its 
slider key K l ; RM.F,— E (2 volts), and rcvnridng key A' a (p, 5S5). 

Note,—All lubricating arrangements must be seen to feed 
properly when the machines are started. 

RM.F, CuJiye.— KvjHtrinintfx —- 

(1) Connect up ms in Fig. 170. Met .7 to 0 on ils scale anil 
measure the auxiliary voltage (u) on V by short-circuiting V by a 
wire and afterward removing this, 

(2) Ml art J) and adjust its Sjieecl to the normal value, say, also 
its excitation so as to give aljout normal voltage on tho volt¬ 
meter Fj, 

(,H) With the speed and tenmiml P.D. constant, mite the utrwfy 
reading on V, which therefore is n measure of the instantaneous 
RM.F. of D for this position of A”. 

(4) Repeat 3 every 20° from 0 throughout the period of 
alternation (300°) by moving AT, noting the points when Jt 9 w 
iimxI to reverse the RM.F. of H. 

(0) Repeat 2-4 when J) is giving a convenient constort current 
through a emtablo iwfvclive circuit K. 

CuuRENT CuKVJB.— Experiments — 

(1) (.inmii'ct up an iu 
Fig. 171, Set X to 0 and 
repeat 2 above. 

(2) With R at iU 
maximum, close S imd 
adjust tJio current to 
tho same value n-S men- 
tinned in 5 above, by 
means of the exciting 
current. 

(3) With tho speed 

normal and termiual 
P.D, constant, obtain 
baltfiico with K x so that, p lUi 17 ^ 

on pressing it, no deflec¬ 
tion occurs 4 D G. Koto tho scale reading (d) <jf K v which 

GG 
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therefore is a im pure of tlie instantaneous P,D. at the resist¬ 
ance r - 

(4) Kept aL 4 »buvi v | oml tubulate your result!} as follows—- 
tf*** ... IUti.., 

or Jiovj per min >'xDjiLt' il. v - . . . *-« w licract* 

Cap Alt) oi t’= .. . in/*.. Anx. K M.K, » ^ .. , »nlU 

K-m-ind R-H-tane* m . .. oini a 

Rfjlingorvoltmi'kr Vys. , iolti Vott% T-er <i:*. of Py fa)-. . 

M IraliiDti-r A — 4 ■ Okiij n. Amp* „ „ (fl; ^ , 


Read my of 
Jf-tllnua 

Total 
Kil T. 

P. 

Naf.t Inst. 
ISMH 

r, = 

Iti' itliuir 
of r Q, 
W 

Ar.liUll Jli*t 

HN.k' »trv 
1*4} 

Aftn.il ln*t. 

Current 

thtabi'li r 

~ y 

Ancle or 
PJ|I)«Q 
hr*t,wr>iju 
/>tu»d Aj. 









Hote.—2 v roust either be added or subtracted, on reversing (he 
battery awihk, according to whether (v) was previously in helping 
or opposing series. Gulf the difference between the readings = v. 

It will be obvious that the instantaneous terminal voltage of 
D can bo obtained in addition to the current, if in Fig. 171 h! 
lias a value at least = the maximum value of that voltage; PQ lias 
a high instance, and a two way key be used in plpco of the 
permanent connecting wire between C and r, so that it will 
connect C successively to (r) as shown, and to the junction of 
R and S 1 which latter gives the terminal instantaneous voltage. 

(5) Plot the OF, and cuiTent curves on the saroo curve 
sheet, having 0' as abscissa; in each case and V l and A x 
as ordinatoa re spectively, and calculate out from them the 
Vmean square of the instantaneous values of V ond A. 

In dotoimining the periodic curves of K.M.F. in a high tension 
circuit a potentiometer arrangement should bo used; the wires 
going to D (Fig. 170) being connected to the ends of a suitable 
known fraction of a known high resist*nco placed across the 
mains, and which can carry an appreciable our rent, say ^ to £ an 
ampere, thus illuminating any error arising from the capacity 
current of the voltmeter. 

{155) Determination of the Periodic E.M.F. 
and Current Curves of an Alternating 
Current Circuit (Ballistically.) 

Introduction. —Should an electrostatic voltmeter not bet atniil- 
able at in the preceding method, a reflecting ballistic galvanometer 
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C may be used, and it should preferably bo of tbo moving coil 
D’Arsozup] type, so os not to bo affected by the atrAj magnetic 
fieldfl invariably met with in & dynamo-room. In all other 
respects the present method is precisely similar to the lout. V s 
a reversing key (Fig. 255) for obtaining deflection* encli side of 
zero. When tbe two-way key X (Fig. iI5(i) ia pnt to stud 1 tbo 
condenser C ie clwrged to an E.M.F. correspond ing to that for tbo 
position of the contact artn X in tbo period of alternation. On 
putting X to 2, CiB discharged through G, anil since the resulting 
throw is oj the quantity flowing out of C, which in turn ia 


oe V X K, whpro C = capacity of the 
condenser and V the E.M.F. to wliicli 
it is charged, we see that the resulting 
momentary throw ori (r x_ i' si duo 
the capacity is a constant. 

This should he huger the smaller 
the charging H.M.F. to be measured 
Tbe current carve is obtained in a 
precisely Biniilar manner to that indi¬ 
cated in Fig. 171. 



Fio 172. 


(156) Delineation of Wave-Forms by means 
of the Duddell Oscillograph. 

Introduction.—Tbe shape of wavo-furuis in general, but 
perhaps more especially those of current and pressure in alter¬ 
nating current circuits, are of the utmost importance to electrical 
engineers. For instance the efficiency of transformers and a.c. 
motors, and oveu the working of the latter, is in some cases 
seriously affected by tbo waveform of the supply. On tbo other 
baud, the optical efficionoy of the a.c. arc has beau found to be 
44% higher with a flat-topped KM.F. curve than with a peaked 
curve, while transformers work most efficiently on peaked curves. 
Again the wave-form reveals tlio presence or otherwise of highor 
harmonics due to accidental though often avoidable resonance 
effects, so dangerous in causing the breakdown of tbe insolation 
of togh-tension electric cables. 

The oscillograph itself consists of a highly specialized reflecting 
d’Arsonval ^galvanometer having an extremely small periodic 
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time, when im<kmpud, of from ^ 0 ^th l*> T& ^ 3 th of a second, 
depending on tlra type of instrument, » 

For all ordinary frequences the (Hcillograpll is perfectly dead¬ 
beat, absolutely free from hystoretie errors, and has practically 
no self-induction or capacity. 

It is therefore an accurate instantaneous ammeter or volt¬ 
meter capable of giving a deflection which is nt any moment 
accurately proportional to tho instantaneous value of the variable 
even with frequencies of 300 or mnro periods per second on 
any wave-form whether periodic irregular, or nun-poriodic and 
whether continuous or alternating, 

Tims in addition to recording E.M.F. and current waves, such 
an instrument will indicate tho charge and dkchirge curves of 
condensers, tho changes of P.D. and current on breaking an 
inductive circuit, tho P.D. and current changes in tho armature 
coils of a dynamo or motor, or in the primary of an induction 
coil or even tho very rapid changes when tho d.c. arc hisses. 
Doubtless it will be employed for a vast number of other 
determinations as time and necessity arise, but the preceding 
merely servo to indicate some of tho uses to which this highly 
important instrument has already been put. 


Construction of the Duddell Oscillographs. 

The upnaxntiis causists of the g.Uvanoinetor, fi unbilled either 
with a rotating ur vibrating mirror, moving photographic film, 
or falling photographic plalc. 

Fig. 173 in a diagram mu tic view of the galvanomoter part of 
tho instrument showing the principle on which it work.. In 
the narrow giip botween the poleu A r , S <:f a [Hiwe: In! magnet 
are stretched two prallel conductors *, « formed by bonding 
a atrip of phosphor-bronze back on itBclf over the pulley P 
which is attached to a light spring balance. At the bottom 
ends the strips are clumped on a block, K, while at the top they 
are held in position by the bridge piece L. By altering the 
tension on the spring stretching the phosphor-bronze loop, the 
periodicity uf the instrument am be varied at will. Broil strip 
or leg of the loop pesos through a separate gap (not shown) in 
the magnetio circuit. The clearance between the aides of the 
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gaps and the moving Atrip is hut 0’3S mm.» and tivc^c gaps are 
filled with a viscous oil, ovor which is placed a small Iona, which 
is held in position entirely by the surface tension of the oil, and 
serves in ite turn to keep the oil in placo. The object of the 
oil is to damp tlio movements of tbo strips. A small mirror 



marked M is attached to the loop, ns shown. The effect of 
passing a currant through one of these loops in to canwe ono leg 
of it to advance whilst tho other recedes, and the mirror is thus 
turned about a vertical axis. In the high frequency instrument 
the natural period of vibration of the loop ih of a second, 

and the clearances being, os stated, oxtremely small, the damping 
effect' of the oil i b bo great, that the instrument can be relied 
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upon to giro saturate results even when the periodicity of tha 
current to be tasted in over 300 periods per second. Small fuses 
below the loops protect these from injury in case of accidental 
eacosBivo cuiront. The fusoa consist of very fine wiroe enclosed 
in glass tubes, which are held in position by spring damps. 

The beam of light reflected from the mirror M is loceivcd on a 
screen or photographic plate, the instantaneous value of the current 
being proportional to the linear displocemept of the spot of light 
so formed. With alternating currents the spot of light oscillates 
to and fro as the current varies and would thus trace a straight 
line, reo.-e to obtain an image of the wave-form, it is necessary 
to t'" s ' D photographic p'oto or film in a direction at right 
angt?* ,r fl J rr 'S}J 'filjr.y-Lion of movemont of tho spot of light A 
«ec'~ D mirror can lie ink-vpoued iu the pith of tho beam of light, 
, , ‘f uc ^ Te ')irror caused to vibntA? pr rotate so as to impart to the 
coils of a dj jj a lln jf orm motion pi-njk'ptional to time in a plane 
at rigu B7e!1 l-s to the plane of vibmtion of 'toe Juaui duo to the 
current. The spot of light will now trace out on a stationary 
screen or plate the time cuivn of the variation of the P-D. or 
current as the case may l>e. If the variations are periodic, as in 
alternating currents, then the second mirror can be synchronised 
and the spot of light caused to trace out the wave-form over and 
over again, 

The various methods of examining and recording tho wave¬ 
forms will be described later. 

The Oscillograph is provided with an adjustment for slightly 
increasing the periodic time and sensibility. This may be done 
by altering the tension of the strips. This is net advisable, 
however, as it is liable to spoil the definitioe of the spots. 

Pour standard types of Duudell Oscillograph are made and are 
in common uso, namely— 

Typo I. The Double High Frequency Oscillograph, which is the 
most sensitive ty pe and has a jowerful electro magnetic field. The 
magnetising coils are wound in eight sections, and by suitably 
connecting them the field can be excited direct from Any voltage 
between 25 end 100 volte or from 200 volts with an 8-e.p. lamp in 
series. The magnetic circuit being saturated, a change of 4% up or 
down in exciting cuiTout only changes the sensibility about 1%. 
To introduce damping oil, the vibrator cover should,,be removed, 
the lens lifted up, the vibrator being held horizontal and a drop 
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or two of the spocial oil placed on the gaps ovor the mirror*. 
The lenjj is then lowered into place, the lower edge first, cure 
being taken not to imprison nuy air bUU The tompemture of 
thin oil is measured by inserting the bulb of a thermometer at the 
back of the vibrator. 

1L The Single Permanent magnet, and ITT. the Double Per¬ 
manent magnet, Oscillographs arc similar to one /mother. In 
each the electro magnet of Type I. Li replaced by a peimunmib 
magnet, and thu damping oil, which is introduced hy moans of a 
small cup at the back of the instrument, is adjusted to give 
correct dun ping At IT 1 0., anti practically correct damping 
bet wen 1 ir U. and 20* C., w> that HO thermometer ia needed. The^e 
two ty|kifl nre portable niul can bo easily insulated for research on 
10,000 volt circuits by [during it on an ehtmito table. 

IV. The Double Projection Oscillograph is Home what Muilne 
to Type I. and is mast suitable for teaching and lecture work. 
Wave-forms having a total amplitude of 1 metre can be thrown 
on to a MTucn. 

Tim nhovo types ait) single nr donbfo according aB they possess 
o/w or iut/ strip# lt^pccLively. The double or two-strip pattern is 
practically two sin gin instruments built compactly in one magnetic 
field and cupablo of recording simultaneously any two distinct 
wavs forms. A liiod mirror is fitted in addition to give the 
datum or zero line. Types II. And lit. can he or ranged in 
portable form. 


Three Methods are generally employed for 
Observing and Recording the Move¬ 
ments of the Spots. 

1. Visual observation. A rotating mirror is placed with its 
axis horizontal in such a position that the reflection in it of the 
moving spot on the screen con be examined; when, owing to 
[lersistcju'C of vision, the moving spot will appear drawn out 
into a bright time curve of the variations which it is required to 
observe, and this ourve can be sketched if required for future 
reference. 

2. Recording by photography. A photographic plate or film 
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lb caused to move rapidly at right angles to the plane of vibru- 
tion of the beam of light, so that the moving spot troops nut on 
it the required variations. 

The photographic method is very expeditious t end gives fxrvuineut 
rtcufdi which are free from all errors qf a personal nature ; it is 
the only vUitfncfory method of recording irregular non-periodic 
variations of P.D, and current. 

3. Tracing In this method, which is only applicable to 
periodic variations, the be.nu of Light from the Oscillograph is 
redacted by an additional mirror with its axis horizontal before 



Fia 1/1, Ti|irT D.itihln fWil1nyr:i|» , i with Hyii' < hn>ao>iN Mutm 1 jini.l 
Tracing DcJt. 

reaching the flcrocu, and this latter mirror is caused to move 
uniformly and synchronously with the period of the variations 
to be recorded. This combination of tlio two motions at right 
Angles, the one proportional to l ho instantaneous valno of the 
current through the Oscillograph, and the other to the time, 
causes the spot to travel continuously along the time curve of 
variation of the current, which curve, if the frequency is suffici¬ 
ently high, will apponr as a stationary bright line of light. This 
curve may be i-etjordod by tracing or photography. J 11 the ViXh 
jot tion Oscillograph, this stationary line of light can bo thrown 
either on the screen or on the tnfcriug desk. 

The arrangement employed for tracing o.c. waveforms which 
remain fairly ootistont in «ha]H> aud frequency and thus obvi- 
afcing the necessity for using photography is shown in Fig. 174. In 
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it the light from Dio Oscillograph mirrors is reflected vertically 
by a snydl minor which is mado to vibmto synchronously by 
means of n ^M'dally rlcxigncri alternate mu rout motor, Tlio light 
is thrown on to n curved screen, on which tracing paper w held 
by mean* of a clip and on which the wave-forms appear as 



Fiu 17fv —Typo III. Hculilu I'c-i inunmt 3Tt < ►■cilJoyr.ipl), 

stationary curves of light, and may Ixj traced hy hand, Tho 
small mirror is vibrated by moans of a ram attached to Did 
motor shaft. The cam in bo arranged that the mirror moves 
uniformly for about 1 \ complete periods during which the wavo- 
furin is ob*>rvg(!j it then retuviw rapidly U> its Klarljug point 
during the remaining £ period. Dining the half period of ret urn 
motion, the light is cut off from the Oscillograph hy means of a 
sector fixed to the motor. 
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The Oscillograph shown in Fig. 175 can of course bo substituted 
for that shown in Fig. 174, the tangent screw heads «, r, Fig. 176, 
being for the purpose of bringing the spots of tha Oscillograph 
to loro on the screen. 

The Synchronous Motor.—Seeing that this must run dead 
synchronously with tho wave-forms to be recorded, it should be 
Supplied from the same circuit, 

I'o start tie intest type of motor, connect tho tbreo terminals an 
it to tho phure-splitting board by means of 'the thrco-w»y flexible 
lead attached to tho latter. Caro must be taken to connect tha 
wires to the terminals correspondingly marked, the remaining two 
terminals on tho pliosesplitting board being connected to the 
a.c. supply having ft P.D. of 100 to 120 volts with any frequency 
between 30 and 100 ~ per sec. 

See that the armature of tire motor is quite free by turning 
tho milled head, and that the bearings are well oiled, thou after 
pushing the movable core of the choking coil in as far as it will 
go, close the switch. Now give the armature a start by sharply 
twisting the milled head on its spindle at the vibratiog mir ror 
end in the clockwise direction, when it should continue to run 
rimd increase in speed up to synchronism. 

If the motor does not attain synchronism (indicated by tire 
'‘bents" in the sonnd emitted), draw out the core of the choker 
little by little until a constant rhythmic hum is given out. 

Tiro position of the core for synchronism depends on the 
wave-form and frequency, being fnrtherout the higher the lattor. 
If the core is tuo far in, tho motor will not attain synchronism, 
ami if too far out the motor will take too much current and get 
bet. 

It might be necessary to remove tho load from the motor at 
starting by pressing bock the mirror so as to lift the “follower 11 
of tbs cam. 

The wave-forms will hove more than une complete period, and 
will move to and fro on the tracing disc or screen if the motor 
is running bolow synclironous speed. 
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Method of Connection of Oscillographs to 
“the Circuits to be Investigated. 

The P.D. required to work the Oscillographs when fuses are 
used iu series with the strips is only 1 to 15 volts. For current 
curves a non-inductive shunt R t should be placed in the main 
circuit and connected as shown in Figs. 176 and 177. The low 
resistance seivoa .to adjust tho sensibility to a round number 
of amperes per millimetre. An Ayrtou-Mather shunt giving six 
sensibilities for outTeuts from 1*5 to 60 amperes is mado for this 
purpose. When the sensibility is adjusted by altering ii, to a 
round number of amperes per millimetre for any one of the 



Fro 1 ra— Diagram of Conuectlon of Oscillograph to Low Tension Circuit. 


sensibilities, all the other positions of shunt are eimple multiplea 
of the same; thus with Oscillographs Types I., II. and III. the 
sensibilities may be 0*05, 0*1, 0'2,0-5, l'O, 2'0 amperes per milli¬ 
metre. Standard Potentiometer shunts constructed for a drop 
of 1 to 1'5 volts can also be used in place of R v 

Jar P.D. measurements up to 250 volts a non-inductive 
resistance is placed in series with the strips, Fig. 176, which is 
adjusted to give a round number of volts per millimetre deflec¬ 
tion. Thd switches S v S, and fuses / 1( / s should be arranged aa 
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shown id the diagram so that no P.D. aui exist between the P. D. 
and current stripe due to their action. >. 

For P.D.s up to 15,000 volte the arrangement shown in Fig. 
177 is much safer. 7?, consists of several specially wound 10,000 
ohm resistance frames joined in series and giving about 7 to 10 
ohms for each volt, eo that on a 10,000 volt circuit R l would be 
70,000 to 100,000 ohms; J‘ t is a 100 or 200 ohm coil forming with 
A 1 , a potential divider; R i is a resistance to .adjust the sensibility 
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to a round number of volts per millimetre deflection. The same 
resistance box as is used for in Fig. 176, is suitable. When 
P.D. curves only are being recorded then ff 4 should be conncctci! 
at that point in If, wbicb bus the least potential above earth. 
All the resistances R ]t R p R t , R { and R h must be insulaied so os 
to stand four or five times the working voltage to earth. Unless 
the side ef the circuit containing ft 9 is jiermanently connected to 
earth it U better not to use any twitches or fuses in the Oscillograph 
circuit as shown, aitd permanent magnet OtciUograjiht Ty/iei Non. 
11. or HI. should be sni, It is also advisable to connect one 
terminal of tho strips to the frame no as to screen it from 
electrostatic efforts. On high voltage circuits the synchronous 
motor if used is best supplied through a suitable transformer. 
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When tiainy thedunble Oscil/oyrap/u the two pairs of script should 
be so connect*l to the circuit that it ti impossible under any earn in¬ 
stances tfuit a higher potential difference than 00 volts should exist 
between one pair of strips awl t?te other , or beiiveen either' pair wul 
tin frame. 

The Oscillographs should bo calibrated with contiimons 
cunenLs and the resistanuctj R v R it Ii 4 udjuiUoI *o that one ism. 
deflection corresponds to a convenient nuxn1>er of ampoio* or 
volts, ua the cam* may he. 

The following table givoB some useful Approximate data for 
the various fortes of Duddcll Oat;ilJo^jri i|>L •<. 

Tar lx VII. 
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(157) Determination of the Efficiency of an 
Electro-Motor-Fan, Set 

Introduction—The very cxtcnsh e use to which the electrically 
dm rn fan is put, coupled with the large mini her of combinations 
of different types of motors and fans in use at the present day, 
makes it dosir.abla to obtain some measure or gauge of the 
efficiency of such an electric fan as an air circulating device. 

From a coromei-ciu I point of view, the utility of a fan can host 
ho judged by knowing (1) the quantity of air, reckoned aay in 
cubic feet, passed by the fan in unit time, aay 1 minute; (2) tlio 
power required to drive the fan to give this. Abo, from a 
mochanical point of view, the speed of the fan under these 
conditions, and, as a matter of scientific intercet, the pressure 
of the air thus passed. 

In order to carry out the test, it will be necessary to provide 
the fan with an air conduit for the purpose of restricting the 
current of air to a definite path. This may very simply and 
conveniently consist of a tubular easing of either circular or 
square cross section, open at both ends, and from three to four 
diameters long. The fan must just fit into one end, and any 
crevices due to loose fitting between the aides of the conduit 
and fun must be filled in air-tight, so that the otdy path for the 
sir is through the fan itself. 

The determination of the pressure of the draught through the 
conduit CD, but which, however, in not essential to the test, and 
merely of interest, run be determined by a special form of water 
or spirit gauge G. 

Since the pressure of the draught is very small, an ordinary 
vertical U pressure tube would hardly indicate it, and not 
sufficiently accurately for any practical use To measure such 
small pressures, the gauge, in the present instance, may con¬ 
veniently take the form of a slanting U glass tube about to 
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i" bore, one limb L of which is extended and bent into the form 
shown at 1,0, the rad 0 being bent so as to face the incoming 
draught of air from the end C of the conduit. 

If now this U tulle contains coloured alcohol, any alight 
pressure at 0 will caun© a difference in level of the liquid in the 
two limbs, the vertical distance between the ends of the columns 
being a measure of the pressure at 0. Thus even though this if 
very small, tho end of the liquid column in either limb may have 
moved threugli a considerable distance, which increases as the 
angle of slope (0) gets smaller. Hence if the tube is provided 
with a scale and calibrated, it can be made to read small fractions 
of nn inch pi-cssure of water, etc. 



Fro* 178, 

A littlo cotton wool placed in each ond of the tuho helps to 
damp the motions of the liquid column caused by rapid fluctuations 
of uir pressure. 

In order to obtain the volumetric discharge of air for any 
particular speed of tbs motor M, the velocity of the propelled 
air must he obtained by means of a rotatory auoraomoter placed 
in different positions in the cross section of the conduit some 
little distance from the end C t the instrument being supported 
at the end of a stout wire or rod so not to alter the flow 
of air. From the various readings a mean may be obtained for 
the whole section. 

Now let v ** mean velocity of the air in feet per minute as 
given by the anemometer, and let a—Area of cross section of the 
conduit in square feet, then the volume of nir discharged per 
unit time, i, * number of cubic foot of air per minute = «; this 
will vary with the speed of the motor. 
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Let w — weight in llis, of I cubic foot of air at the taromeUic 
pressure nml temperature of tho room in which the test is 
modi' (w table, p. 050), then IK =f ifw = tin) weight in Hit*, of air 
discharged per minute; but tlic kinetic energy of a mass (»f) lbfi, 
moving with a velocity v foul per wound = Jmu z footpound ids, 
and this is a measure of tho work rhino. 

Hence the work done on tbo air ~ Jmd* -f- </ foot Hib. 


__ , . J IJV 1 wiv / r V 

H P - ' l(1 ™V‘l --’33.3 x saiOO " 2 x\i2‘a * W 


1 

3JOOO' 


Apparatus.—Motor M with janitor]ml fan A’tn bo tested ; suit- 
able conduit (Jl) ; anemometer ; nil* piv^ui'o gauge U \ voltmeter 
Y) ammeter A, switch K\ rheostat /f (p. WMEJ and source of ototrU 
cal supply K, sprod indicator for obtaining the speed of tlio motor. 

Observations. —{I) (Jnnurnl up :ui shown in Jfig. 178, and 
adjust tlio instruments lo *eix> if they require it. Seo Unit all 
lubricating cups feed slowly and properly. 

(2) With fi at Ilk maximum, cluau K t find adjust the Bpead 
of ihn motor M to the lowest convenient amount, then note the 
remlings of V, A, speed, anomoimitcr, and gauge (!. 

(3) 1'ako tlio anemometer reading at different positions in the 
Cross suction of the conduit at this tqwd of M , and take tho mean, 

(4) Krpeftt 2 and 3 for twclvo or fifteen different speeds of the 
motor, rising by about equal i nr con junta to the maximum per- 
missiblo, by varying tho rheostat H> noting simultaneously the 
readings of nil thu instruments at end) njmwiI. Tabulate your 
results as follows - 


Niuh . 


Oats .. „ 


Kle- Lto UHi>i : Nit . . T>[»' , Muki'r . Nniirml:Viita.,. Amp 1 * , . H|*r<] ., 

Furi ' X*i , ,, No cl blruio, , . , 

9*tLujiicj 1 Aii'u lit CoihIluI.# = v| It Wajgfclaf I cukwo liiotof ini Kt UliMuf tilkS = , lbs. 
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(5) Plot the following curvos on the same curve sheet having 
(a) the speed in revolutions per minute of the motor, ( b ) H.P. 
absorbed by the motor ns abaci $&a> 7 with tho volume of air dis* 
charged per minute as ordinates in each case; also between 
(a) as absciss® with (c) the mean velocity of tli© air draught 
as given by the anemometer, (d) tho H.P. absorbed in the 
transference of air ad ordinates in each case \ lastly, botween 
efficiency as ordinates and spaed as abscise 


(158) Determination of the Commercial Effi¬ 
ciency of a Gas Engine-Dynamo Gener¬ 
ating Set. 


Introduction,—It is most desirable that any generating unit 
such as the abovo should bo tested at various loads or electrical 
outputs in order tliat the beet running conditions may bo 
discovered and tho performance generally of the unit observed. 

Tliia is done by “ indicating ,J tlio engine at the various 
electrical load outputs desired, and so finding tho relation between 
the total power exerted on the piston of tho engine, commonly 
termed its indicated kot*u-power (J.1I.F.), wul tlio corresponding 
powor utilized or developed by the generator in tho external 

circuit, which may be reckoned in or electrical horso-power 


(E.H.P.J. 

In order that the cost of running at any given electrical 
output per hour (say) may be determined, it will bo necessary 
to measure the volume of <ja* used in the engine, which can 
usually bo done easily enough, A3 nearly all gas engines are 
provided with separate gas-motors on the inlot pipe of tho engine. 
Should, however, this not be the case, tho test must be mado 
wbon all gas-jets are out and the rending* on tho main meter 
recorded, 

Tho jacket 1 ea/«r, or volume of cooling water passed through 
the water jaoket of the cylinder of tho ougine, should ho measured 
and this can best bo done by a water-meter inserted in the inlet 
water-pipe. If such a meter is not available, a fairly large tank 
can bo used (the volume of which con be calculated) to supply the 

H H 
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water jacket* then the time taken to empty tho calculated known 
volume of water will enable ns to got what is require^ If the 
temperature of the inlet and outlet water of the jacket is taken, 
the heat removed from the cylinder in thermal units can at once 
be deduced, knowing the volume of water paxsed in a given time, 

The engine must bo provided with a stopcock in communica¬ 
tion with tho intovior of tho cylinder, and into the outer end of 
which tho nipple of the indicator is screwed. This indicator mny 
be of the Richards’ type, and, if the gas engine is running at a 
high speed, the indicator should ho a high speed one. IE the 
diagrams taken by this indicator in such cases nro not shortened, 
a stronger drum-spring will be needed to get over the effects of 
inertia in the drum which carries tho card. 

If the engine has an ordinary double (Otto) cycle and gets the 
maximum number of explosions possible, which would occur 
when it is running at or near full load, then tho speed in involu¬ 
tions per min. 4 2 will give tho number of explosions per min. 
If, however, the gas engine is running on light loads it will 
41 miss” an explosion frequently, in which case, since the number 
of such per min. is a factor of tho LD P., they must he counted 
separately, either mentally or automatically by an attachment 
or counter actuated by the inlet gas-valve levor. 

Furthermore, in order to obtain the total cost of electrical energy 
delivered at tho switch-board, we must know tho amount of oit, 
cotton waste, wages, and interest on depreciation and first cost of 
the plant for the period over which the run extends; these items, 
however, pertain merely to what we may term the economic 
efficiency of the plant 

Tho electrical power developed by the dynamo can bo taken up 
either in the apparatus on the circuit to be supplied, or in 
suitably designed water rheostats having nmplo plate area to 
avoid variations in tho output. This may take the form of a 
rectangular water-tight wooden trough, having a fixed sine, iron, 
or copper plate at one end, connected to one terminal of the 
dynamo, and a similar movable plate, capable of being moved to a 
considerable distance from the fixod plate, thus enabling the 
current output to be varied; this plats is perforce connected to 
the other terminal of the generator. 

The mean effective pressure P in lbs, per sq. in. during the 
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explosion, which is required in the calculations, is calculated, 
from the .indicator dingmms taken, in the manner described on 
pp. 471 and 530, 

Hote.—The effective area of each plate of the wstor rheostat 
should be something like 4—9 sq. ft. for currents of about COO 
amperes, 

Apparatus.—Gas engiue dynamo sot D to bo tested, of which 
the gas engino is not shown; indicator (p 531) and reciprocating 
Ievor gear for rotating tho 
cord drum; tachometer; 
voltmotcr V; ammeter A; 
trough rheostat T for ab¬ 
sorbing the electrical output 
from 1). 

In addition a “cutout” 
and switch aro desirable in 
the main circuit, and a water- 
meter with necessary eepnmte gas-metor for tho engine. 

ObKIV&tioW.—(1) Connect up tho electrical circuit as in 
Pig. 17!), ahd adjust nil instruments to zero. Fill T with water in 
which a few handfuls of washing sola havo been dissolved and 
set the plates ut the extremities of the rheostat. 

, N.B.—The plates may be provided with massive terminals for 
connection to tho main leads, otherwise the ends of thcao Utter 
should bo eproad out, fan-wise, and soldered to tho plates, 

' (9) Measure approximately how much oil is n-qiiirod to fill all 
lubricators in use, which must be set to feed properly just before 
sLorting the trial. 

Insert the must suitable spring in the indicator and a card on 
the drum, then screw the indicator to the cylinder cock and 
connect to the reciprocating gear, 

(3) Start the “sot" up to its normal speed and tako an 
indicator diagram from tho engino with D on open circuit, 

(4) At a noted instant simultaneously read all the instruments 
and meters, then quickly switch ou and adjust A to full load and 
take an " engine card ” again. 

I Vote.—At least four observers will be required for the 
trial. 

(5) Simulhvneously read all the appliances every twenty minutes 
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throughout tlio trial, which should lust at least three hours, 
taking a “ card" nt each. 

(G) Repent 2—5 for J full loud on D if possible, and tabulalo 
your results as fellows—- 

NS»V . . . tUTT! ,., 

Gas Engine Ifo , ,. MnUen . * . Tjp. . .. formal rjicwl =■ . . . lev. permla. 

l’jfctnh [4w(4 s «<« k,. nidna. Sttoke fi.) - .. - tiot, 

UyUllC: Nu ... HaVers ,., Tj|w . •. Tfnruul: VcJta - ■ ■. Air;*. « .., Spoal «... 
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Inferences. —What inferences can he deduced from the results 
of the trial 1 

Calculate the total cost per E.H.P. hour delivered at the 
switch-boards, taking the approximate average costs of the various 
factors. 


(159) Determination of the Commercial Effi¬ 
ciency of a Steam Engine - Dynamo 
Generating Set 

In traduction.—-We have already described in detail the usual 
methods of determining the efficiency of both direct and alternat¬ 
ing current generators without reference to any prime mover 
such on a steam, gas, or oil engine. The common practice, how- . 
ever, at the present day, of employing " do-erf coupled nte ” in 
central stations, consisting of the generator placed oti, and fixed 
to, the same bed plate on the engine and coupled direct to it, 
makes the tost of the performance of such a combined generating 
set one of eatreme importance. 

This practice hoe resulted from the endeavours of central 
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station engineers to curtail tho amount of floor Area required for 
a given filiation and to avoid tho loss of power and trouble in¬ 
separable from drying by belts and ropes. In mderto determine 
the combined ctfmionay of a generating unit, whether direct 
coupled or othorwisc, we require to measure tho useful or nett 
electrical output, which can be done with the aid of an ammeter, 
voltmeter, and one or more suitable rheostats in tbo manner 
described in tho earlier pages of this book. 

In addition we must know the gross or total II, P. oxorted by 
tho piston of tho ongino, usually termed the Indicated JI.P. 
This can bo doterzniiicd by aid of tho crvjhw iiuhcatm', for tho 
detailed theory of which the rcsidor in referred to special "works ” 
dealing with such indicators nboont cnLhely. There are, however, 
Komo important details connected with Iho uso in gewrnl of the 
various forms of these instrumenta, wbirh may with advantage 
bo mentioned bore, but otherwise it will l» assumed that tbo 
theory, construction and action of the etigitio indicator is 
under stood. 

Ihlalion Itelwen length of indimtor diagram and engine speed .— 
It must be carefully rememltned tlmt ns tho pper drum of tho 
indicator is rotated by a reciprocating motion from tho piston or 
.cro&yJiead of tho engine, its inertia at tho higher speeds may in- 
ti*odnce errors in the diagram; in other words, its motion may 
continue, from this cause, beyond what actually represents the 
tmo driving motion. To minimi/e such an error the angular 
motion of tho drum must bo reduced, and consequently a shorter 
diagram obtained as the speed increases, in order to insure a true 
and properly proportioned diagram. 

In this connection it may bo notod that for a)?ced* up to 200 
revs, per min. the driving of the drum should bu no arranged that 
its angular motion gives a diagram about 4.4" long, and tlus 
should be made to diminish almost inversely proportional to the 
increase of speed. Since in addition Increase of speed will require 
a stronger piston spring, the height and length of diagram will 
decrease in about the same proportion for increaso of speed, thus 
giving a properly proportioned and accurate diagram. 

Gearing qf Engine Indicators,— Xu order that an accurate 
diagram may be obtained it is all-important tliat the reducing- 
gear for driving the drum sboold reduce the piston motion in 
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exactlT the earno proportion at any and every part of the stroke. 
For such gears the reader is referred to works dealing'with the 
subject of engine indicators. In the use oE tbo indicator great 
enro should be token to keep it froo from all dust and well oiled 
with watch nil, os the least friction in the cylinder or multiplying 
lovers may cause a distortion of tho diagram, the holler pressure 
and ongine speed will determine what strength of spring is to be 
used in tlio oylindor, and tho lighter this is, the higher tho 
diagram and the more accurate the measurement, providing 
inertia effects are absent. 

Tho engine piston must of course never bo allowed to close the 
outlet pipe botwcon the engine and indicator Cylinders, bonce the 
latter should be screwed on to a cock at the end of the engine 

cylinder. For accurate 
work diagram a must be 
taken at both ends of 
the cylinder. Fig. 180 
represents the approxi¬ 
mate sliape of a dia¬ 
gram which would be 
taken from an ordin¬ 
ary non-condensing en¬ 
gine. The indicator is 
first mode to draw the 
straight line O'A', done 
by putting both sides 
of its piston in communication with tho atmosphere by opening 
the stop-oock so as to cut o'l all steam from tho cylinder of the 
engine and allow tho air to outer underneath the indicator-piston. 
The pressure both sides of this bitter will thus be the same and 
equal to tbat of the atmosphere, consequently if the pencil be 
lightly pressed ngninet the moving card, the horizontal straight 
lino O’A', termed the almorjtlieric line, will be described. OA is 
the aitdule zero line, parallel to Oil, and drawn below it at a 
distance representing, to the ecalo of tho diagram, the atmo¬ 
spheric pressure at the time of the test. 

In Fig. 180 B is the point of admission of steam to tbe engine 
cylinder, I) the point at which the slide-valve begins to dose, B 
the point at which it is quite closed. From E to F the admitted 
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steam is expanding, and at F tbo release begin*, being completed 
at G. Tho exhaust valve begins to shut at II and is quite shut 
at /, the steam still left in tbo cylinder being compressed between 
/ and B. Tii« rounded corners, such as BE and FG, show the 
slow acting of the steam valves in closing and opening the steam 
ports, which iB called mil's dratolng. In the ideal engine those 
rounded comers would become sharp ones. 

Eeleniinatim of I,H.P. from the diagram,—ltefeniog to the 
diagram, Fig. 180, the horizontal distance between tho extreme 
points of the diagram, i, e. between tbo vertical lines /f’i'and flC, 
represents tho stroke of the engine piston in feet. The ordinates 
of the diagram perpendicular to the atmospheric lino OX repre¬ 
sent to the scald of tho indicator spring used the pressures of the 
steam in lbs. per £J'. 

If the scale of the indicator spring need In taking the diagram 
- a l j, carl) inch of tho ordinates represents 30 lbs. prossure pier 
square inch, eonsequontly each square inch of the diagram repre¬ 
sents y j — 21)ft. lbs. Tlie whole area of the diagram will therefore 
represent the indicated work in ft. lbs por square inch of engine- 
piston, done on one side of it, during one stroke. Since the 
pressure exerted by tho steam on tho piston varies at different 
porta of tho stroke, we must knew the mean effective pressure for 
the complete stroke. This is fuund by dividing the ana of tho 
diagram by tin hast line, belli being reckoned in inch units. The 
result is tho value of the mean ordinate of tho diagram or mean 
effective Pressure (/',) in lbs. per sqnare inch of piston area. 

Henco if Z = length of stroke in feet, A piston area in square 
inches, and N= number of revs, per min. which the engine is 
3 PJ.AN 

making, then the J.II.P. = —g'j'ijjBr - 

Apparatus.— Generating sot to bo tested; engine indicator 
(p. 531); speed indicator; plnnimetor (p. 528); ammeter; volt¬ 
meter; rboostat for absorbing the load from tho generator (p, 467), 
and a switch. 

Observations.— (I) Connect the ammeter, rheostat and switch 
in sories with one another and with tho generator, also the volt¬ 
meter across the terminals of the machine, and ojien the switch. 

(2) Disconnect the generator and engine and start the latter, 
running slope for some little time before making a teat Prepare 
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tho engine indicator by (list seeing that all Ills parts are quite 
clean, Hell oiled, ami work practically frictioulogsly. Insert the 
right spring in the cylinder suitable for the boiler yremtri and 
engine spstrf to bo twif, and note its “ scalo" for future reference, 
(3) ll’ow off steam at tbo cock which is to carry the indicator 
for a second or two so ns to clear away superfluous water and 
dirt. Now screw the indicator to it. 1’lace a card on the drum, 
aud make sure the cord which is to actinic tho druor will ho 
attached to the proper point on tho roducing gear so as to give a 
suitablo length of diagram for tho speed of tho engine. 

( t) Turn the cock so as to admit air under the indicator piston, 
cutting off all at earn. Then hook on tho cord so as to rotate the 
drum and draw the “ utmosjAmc Ims." Then turn the cock so 
as to communicate with tbo engine cylinder and take a full 
diagram, noting simultaneously tho speed of tho engine,and in 
addition which end of the cylinder tlio diagram is taken from. 

(5) Cut off the steam hy the cock, nnhook the cord, and quickly 
repeat 3 and 4 at the other end of the cylinder of the engine, 
This interchange should he rapmtod two or three times so that 
an average may be obtained, for the constant speed, when 
working out the results. 

(0) Now run tho generator by tho engine, absorbing J, J, and 
full load successively in tho rheostat, repealing 3-6 at each 
load for the same speed, both load and speed being maintained 
constant during the time required for taking the readings. Note 
the volts and amperes at each load, and tubulate your observations 
as follows— 

Name ,,. Date ... 

Engine: No.,.. T>pa.,, Makn ... Xotmal I n P. .. Spi'Ctl - .,. PreiAUrt-. , 

PyraoK : No.. „ ,,« „ Yolt»«.«. Ain(n «*... = 

Benia of Indicator Spring cr»l - .,, Tj pa nf Indicator., , Nw. a,,, 

Lo%(Ji of J4i>i<lno Btroka (£>9... feet. Ann of PJnloit (A) =,,. nq, loi. 
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Xota.-^Tlio valuo of P n in tho above table is the mean of the 
means ci the worked-out results for llio two ends of tho cylinder 
of a single cylinder engine. In the enso of a. compound or triple 
expansion engine, the L1C.P. ran bo found from the diagram taken 
from either cylinder as follow* — 

Eum the products of A and P^ for each cylinder {P m being 
given by llio diagram for that cylinder found in the usual way) 
and divide by tho J[ for that cylinder from which the particular 
diagram under consideration wub taken. Thin if piston 
area in sq. ins, of, say, tho “intermediate cylinder >f of a triple 
expansion engine, llio mean effective pre&suro to be used in tho 


formula, say =* 


*{/vo 


wlicre 3 indirates the sum of tlm pro¬ 


ducts for tho II.P. intenuodiato and L.P, cylinders. 


Tlio value of tho mean effective pressure as obtained from any 
particular indicator diagram can bo obtained by the aid of the 
plan under, tho use of which in measuring the area of the diagram 
is described on p, fjlJO. 


General Observations on Jointing 
Electric Lighting Cables. 

Good and reliable joints both in core and insulation can only be 
inn do with practico, rare, and attention to the following esRentia! 
dctfivilsAll joints in conductors must be aa mechanically and 
electrically perfect ns poxsiblo, for they are in most cases a source 
of weakness in an installation. 

The Joint.—That of tho metal lie core should have a conductivity 
not le>s than that of an equal length of tlio ordinary core, if 
possible, and to obtain this care must bo taken not to hick tlie 
copper cores of the cables to bo jointed cither with the paring 
knife or pliers, which not only reduces the conductivity, but 
causes the wire of the strand so nicked to break off at once if 
beat at that point. Ile/ore making tho joint, all the wires must 
be straight and thoroughly c leaned with lino emery cloth, core 
being token not to remove tho tinning of already tinned wires. 
Tho denned wires may preferably be re-tinned with the soldering- 
iron, and must bo handled bs little as possible, even with dean 
hands. , 
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No joint will ever solder properly unless it is guffs clean 
throughout, end in a hot, chan, and well-tinned soldering-iron. 

The Soldering-Ironi.— These must bo properly grooved to take 
tho size of joint to be soldered, and should never bo allowed to 
get too hr 1 and “ burn.” This always gives rise to an excessive 
lurid green flame, and is not only injurious to the “copper bit,” 
but burns all tho tinning off them, thereby giving extra labour 
and wasting time in ro-tinning. Irons may bp cleaned with either 
sal-ammoniac, emery cloth, or carefully with a suitable file. Salts 
or eolderiug fluid may be used hb a flex in tinning them. Irons 
should be wdl tinned, and hot enough when used to be unbearable 
when placed about 1 j" from tho cheek. They should be wiped 
when taken out of the stove before applying to the joint. Quick 
spidering is essential, as continued application of heat seriously 
weakens coppor wire and makoa it brittle. Too groat a heat 
causes solder to 11 rot ” and become useless. 

Solder.—This should ho in thin sticks, and should contain 
enough tin to enable one to hear it crinkle when bent double 
close to tho ear. 

Flux—Nothing but resin (applied in tho lump) should be used 
in soldering copper joints, Ali liquid fluxes and other substances 
containing corrosive ingredients should be avoided if the joint is 
required to remain unimpaired with time. 

Insulation.—Great care should be taken to make the iuGulntion 
of the joint as nearly as possible oqual to that of tho rest of tha 
cable. In robber-insulated cables tho braiding or taping is 
removed from the rubber without nicking it, and the pure I-R. 
■trip wound with lap urinding ovor the joint and ftrpereJ ends of 
the rubber thus bared. I.-11. solution is now rubbed over tbs 
joint, but must never touch the bare joint. The taping Bhould be 
dene tightly, and be quite solid when completed. 


(l6o) Detailed Instructions for Jointing 
Electric Light Cables. 

Introduction. —For successful and efficient jointing tho follow¬ 
ing remarks mast be rigidly adhered to - 

(1) In baring any wireor cable preparatory to making a joint, 
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great core must in taken not to nici any one or more of the copper . 
wtrei fbtming the core, which would nob only cause tho wire so 
nicked to brook off on bending it once or twice, but would also 
diminish the sectional urea of the cubic and so also its current 
carrying capacity. 

(2) /?» cleaning tho copper wires of tho core fine emery dotli 
must be used and all dirt removed, hut as little as possible (if 
any) of tho original tinning. 

(3) Just ei ifiiciml and no more cablo must bo bared ns will 
make a satisfactory joint* considerations of the cost of insulating 
materials, and particularly of the ultimate insulation resistanco f 
of the joint, making it imperativn to keep the dimensions of the 
joint, in the matter of length, a minimum. 

(4) Cleanliness is of vital importance in the actual winding or 
making of the joint, and a few extra seconds spent in insuring 
this will almost invariably savo many minutes, much solder and 
soldering flux in tire end, and even possibly tho necessity for a 
second attempt at tire whole joint. 

(fl) A badly made joint, or a badly Insulated one, is a source of 
considerable danger in an electric light installation. 

(6) Too much attention cannot be pud to tile soldering irons, 
as it is perfectly hopeless to attempt to sol Jer a joint with—a 
dirty iron, badly tinned iron, or a soldering iron that is not hot 
enough. 

Course tK Jointing Klectkic Light Wires, Cables, and 
Mains. 

The following series of joints constitute a course in the actual 
practice of "jointing making " which the author instituted in Ilia 
department at The University, Leeds, They comprise practically 
all the principal distinctive typos of joint® commonly met within 
practico, and which might be roijuired to bo made by any ordinary 
wireman— 

Vo, 

1 Twist Joint between two No. 19 8.W.O. insulnlod E.L vitro. 

2 „ „ „ ,» No, 14 „ ,, ,, „ 

$ T ■ of a No. 18 oa to a No. 14 „ ,, ,, „ 

4 T‘ ,, of o No. 14 oa to n No. 7/18 „ ,, „ cabin, 

t lMtonnie-.Toint between two No, 10 B.W.O. beta copper wires. 

4 Soerf- > „ „ „ No. 8 „ „ „ „ 
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* 7 Twist-Joint between tiro 

» T- . 

9 Twist- ,, ,, ,, 

10 T- . 

11 Twist-.. 

12 T- . 

13 Twist-. 

14 T- „ 

15 Twist-. 


18 T- 


So. 7/13 8.W.P. innil. 1 t/w] E.L. »M«. 

Si). 7/13. ; 

So. 7/11. 

So, 7/14 „ ,i t , 

So 19/18. 

No. 19/1Q. „ 

So. 37/18 it ii ii n 
So. 37/13. 

No. 7/13 5. W.fl. inaolaiod laul-cnvsrsil 
K. lu cil.lo-. 

So. 7/15 B.W.G. ‘iniuktoil lead-covered 
E.L. fables. 


17 Twist- ,, 

• 1* T- „ ,9 

19 Taint- ,, „ 

20 Slanting "pJwit 


,» No. 16 8. W.G. insulated gntta>porc1ia< 

t'oveml wirca. 

,, No. 1C S.W.G. inanlfttod guttsporclia- 

coverorl wirca 

„ No. 1D/1C wirt uNo. 7/18 S.W.G. iiihulatca 
dec hie light cables. 

between two No. 19/16 9.W.G. Insulated electric light 
Cables. 


21 Twist-Joint on a largo concentric load covered electric light main. 


Nots.—N o. 6 it a joint used for aerial Megr/tph and telephone llnca. Noa. 
17 and 18 am joints used for telegraph walk principally. 


TwiST-JorSTS Nos. I AND 2, , 

To prepare.—(Jurofully baro, with n sharp kidfe, about 1$ 
inches of the ends of tho two wires to bo jointod. This nuiBt not 
bo done by a cut perpendicular to the wire, but by a short slicing 
motion round the wire, when tho pioco of insulation will in most 
cases come off whole with a suitable pull. 

Glean each bn red wire with fmo ornery cloth, straighten and 
place them across each other, then lightly gripping them at tho 
crossing point with a pair of pliers, build one freo end round the 
other wire. Do this with tho other end and finally straighten 
and trim tho ends up close, so that they do not project outwards, 
as they are thou liable to pierce the in solution. 

To solderPlaco tho joint in a wull-tinnod groove of the iron 
containing solder, then when hot just touch with a lmnp of resin 
and draw a thin stick of solder over the joint. This usually 
suffices, but if not, repeat the operation, using very litfclo rosin. 
The soldered joint must leave the iron quite briyhl and without 
any globules of soldor hanging to tho underside of it. The 
soldered joint should appear aa in Fig. 181. 

To insulate. —When cool, taper the ends of the insulation, and 
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storting from over the rubber of tho wire, wind the joint over 
with ft, spiral half overlap of pure l.E. strip (para tape) to tho 
other ctid, gently stretching tho tape all tho tbne so as to obtain 
(not sponyy') layer of I.K., which, since it is wound in half 



overlap, constitutes a double layer. Apply I.It. solution to the 
ouUulo of this I.R, hipping (on no account next to tho, copper 
joint) and rub evenly all over tho lapping with the finger, 
Next, when tlio spirit 1ms evaporated out of tho rubber solu¬ 
tion, wind on a similar lay or of black prepared rubber tape, 
overlapping the outer insulation of tho wire at each end, and 
sealing the ends down with solution. lastly, |muk tho outaide 
of tho joint with black waterproof varjiish and allow it to dry. 


T-Joints Nos. 3 and 4. 

To prepare.—Carefully bsro about to 1J inches of the wire 
to be tapped (the larger of the two} and clean with fat emory 



Fia. 192 

cloth. Bare about 1J of the end of the other wire, clean and 
straighten, then placing this across tho other wiro twist it round 
two or three times to produce the joint shown iu Fig. 162, and trim 
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the end so that it does not project to soy extent. Solder in the 
manner described for joints 1 ond 2. , 

To insulate.—Proceed as in these last-named joints, but on 
arriving at tbo T with each serving, carefully branch off down it 
and back, r'retching the tapes more tightly to allow for increased 
thickness of Insulation; finally, continue along the remaining 
straight porlion of the cable, and varnishing over tho last layer 
of tape. Considerable cave is required in insulating a T-joint, as 
it is more difficult to get round the corners (i.«. angles) of the 
T with tho tapes, and these parts therefore ore most liable to 
imperfect insulation. 

Britaxnia Joiht Ho. 5. 

To pec pare.--Gently straighten the ends of tho wires to be 
jointed by lightly tapping them with a mallet on the onviL 
Clean each with fine emery cloth, tin them both for a distance of 
about 2 inches from the end, and bend sharply round tho tips of 



Fra. 18-1. 

their ends. Next place them together with tho boot ends point¬ 
ing in opposite directions, and with an overlap of about 2'; then 
bind them together with about No. 20 tinned copper binding wire 
as Bflowa in Fig. 183. Trim off tho ends of this wire, and solder the 
whole into one solid mass as described in joints Nos. 1 and 2, 

ScsRr Joint Ho. C. 

To prepare.—Gently straighten the ends of the wires to be 
jointed by lightly tapping thorn with a mallet on the anvil. 
Clean each for a distance of about 1 inch from thoir ends with 
emery cloth. 



Fio. 181. 

Next scarf them with a fiat filo as shown in Fig. 184, so that 
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they tnpor to thin edges and fit. Than tin them both, wiping off 
nearly jdl the superfluous Bolder by a clean cloth. Now warm 
tbo ends up, and when the surface solder on the scarfed portions 
is melted, place them together to form a continuous wire and 


TTTT 


IMttffi 


(T F SB 


Fio.185. 


allow to cool. Bind tho joint with No, 18 or 20 tinned copper 
wii-e for about from the centre each way as in Fig. 1H5. 
Lastly, trim the ends of tho wire and solder into one solid mass, 
care being taken to just Jttep the scarfed ends in gentle contact 
while soldering and until set. 

Twist-Joints Nos. 7 awn 9. 

To prepare. —Carefully bare about 4" of tho two ends to bo 
jointed with a sharp knife and a slicing motion (not a cutting one 
perpendicular to tho cable). 



Fro. 1M. 


Separate out ouch wire and clean them all with fine emery 
cloth carefully, so as not to remove any tinning If possible. 
Straighten each, cutting off half the centre wire of each cable, 
and then re-twist the outer six up to tho end of tho contro wire 
with about tho same pitch as the rest of tlio cabla itself in both 
cages, arranging them so tliat the six free Btraiglit end & form a 
cone with its apex at the end of the centre wire. 

Now push tho cones together, so that the sU wires of each 
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interlace alternately, and their apexes touch as shown ia Fig. 186, 
t. the two middle wires butt against each other. Kew press 
down tbo left-hand set on to the cable, and hold tightly in the 
hand. Then wind with the other hand the remaining six wires 
of tho o'her cable, one bj one, by, say, half a turn at a time, and 
evenly to, say, 1 or 1J inches from tbo centre, snipping off each 
wliat is not wanted, and trimming the ends so as not to project 
Outwards, ltopcat these operations with tho other half, and 



Fig. U7» 


finally trim the centre also by pressing with the pliers, blit not 
scraping the cable in so doing. 

N.B.—Tho joint may thou appear like Fig. 1K7 Of 1preferably 
tho latter, which makes tho neater joint and is, as scon, wound 
in tho same sense as the main cable. 

* To solder.—Place in tho well-tiunod gi-oovo of a fairly largo 
soldering iron and run iu somo solJer around it* then whon quito 
hot just touch the joint for merely an instant with a lump of 





Fio.13S. 


resin, and. draw a stick of solder over tho joint. Thin, ns a rute, 
will suffice to cause the whole joint to become tinned; if it does 
not, repeat. "When properly tinned the joint should leave the 
iron in ft bright state, and with no globules of solder hanging to 
the underside of it, nn<l should be otia solid mass. 

To insulate.—'When cool taper tho ends of the insulation, and 
starting over the rubber of tho cable, wind on spirally with a half 
overlap two layers of pure LR. tap© in opposite directions and 
with enough tension to make the insulation firm and solid. Tho 
end of this tape is fixed down by LB. solution, which is also 
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applied to the outside of the rubber-taping all over tho joint by 
moans of tho finger. When the spirit has evaporated repeat 
the above winding process with two layers of black prepared 
rubber tape overlapping the outer braiding of the cable. Lastly, 
varnish tho joint all ovor with black waterproof varnish and 
allow it to dry. 

T-Joints Nos. 8 and 10. 

♦ 

To prepare.—Carefully bare about 2J* to .V' of tbo cable to 
be topped. Clean tho outside of the stranded core with hue 
emery cloth and re-tin well. 



Nest oorefully bare about 3" of the end of the other cable, 
Separate out all tho wires, clean each with fine ornery cloth, 
straighten and re-twist them up to about j" from tbs end of the 
insulation in a slightly sharper twist than the ordinary cable. 
Now spread the 7 wires out to form a V, the apes of which ia 
at 1" from tha insulation, 4 wires being one side and 3 the other. 

Next press the other coble into tha V as shown in Fig. 189, 
then, holding the two tightly together, wind one by cits the 4 
wires round in one direction, and the 3 in the opposite direction 
to, any, $" either side of the centre. Clip off what is not wanted 

II 
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of each wire, and trim so ns to not project ontwat-ds, when tho 
joint should be on in Fig. 190. , 

To solder- Itepeat the operation described for juints 7 and 9. 
To insulate.—Itcjaxit tho operation described for joints 7 
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and 9, except tluit when tbo T is reached, wrap carefully round 
tho angles, down the T mid back, stretching' the tapes tighter 
here to allow for tbo extra lapping this part will reeoive, then 
finis h off the joint as in 7 and 9 above, 

Twist-Joint No. 11. 

To prepare. —Carefully bare about 4 j” of the two ends to bo 
jointed, and separate out tho outer layer of 12 wires, clean them 
with fine emery cloth and straighten. ’Without unwinding the 
inner 7 solder them into a solid mass and cut half off in both 
cables alike. Now re-twist the outer 12 up to the end of the 
inner 7 with about tho same pitch as the ordinary cable, and 
arrange them to form a cono with the apex at tho end of the 
inner 7. Then pushing the two cones together and interlacing 
alternately, proceed to finish exactly aa in joints 7 and 9. 

T-Joint No. 12. 

To prepare,—Carefully bare about S” of the cable to he tapped, 
clean the outside of the stranded core with fine emery cloth, and 
re-tin it well 
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Next carefully lure about 3£” of the end (]f the other cable, 
9eparaU;out each wire, dean with fine emery cloth, and straighten. 
Next re-twist both inner and outer sots up to about }" from the 
insulation with a slightly sharper pitch than the ordinary mbit 1 , 
then wrvfuVy spread out all the wires in tho best pcwiblo manner 
to form n V with 10 one side and 9 tlio other. Lastly, press the 
othor cahlo into this V, and finish tho joint precisely as in Nos, 
8 and 14. 

i 

Twist-Join? No. 13, 

To prepare.— OareP111ly bare about 5£*of tho ends of the cables 
to to jointed, unwinding the oulmnnst layer of 18 wires, and 
proceed precisely as in No, U, except ihsit half tho inner 19 
must now bo cut off after soldering them together, 

TJot xt No. 1 k 

To prepare.—Carefully bare about 4$" to 0" of tlio cable to be 
topped aud about G£” of tho end of tho other, and proceed exactly 
as set forth for joint 19, excepting that the V will now have 19 
wires on one sidf and 18 tho other. Finish it off as there 
indicated. 

Twist-Joint No. I £5. 

To prepare. —Oirefully cut the lout sheathing awny, without 
in any way nicking thn cupper coro of tho cable, for about 4" of 
tho ends of the cables to ho jointed. Noxt slip on to one cable, 
to gome little distance from the joint to bo umdo so ns to bo out 
of tho way, n lead sleeve consisting of a length of lead piping, a 
little larger than the size of tho lead-covered cabJo And sumo 2" 
longer than tho finished joint will bo. Then proceed to make tho 
joint and insulate it precisely as in Nos. 7 and 9, taking oxtra 
core to get the insulating tapes on tightly and e/Kdoutly. Now 
fthp Iwck. the loose sleovo over tho joint and oithor carefully 
“solder" or “ solder-wipe " the ends, thus completely scaling in 
tho cable. 

IfotO.—If lead piping to tho right size is not Available, a sleeve 
may* bo cut out of lead shoot, bout round the joint end finally 
sealed along tho edgo; this, however, does not make so neat a 
joint os that with tho pipe. 
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T-Joint No. 16. 

To prepare.—Carefully cut away about 4" of tbo lead sheath¬ 
ing of thB cabla to bo tapped, great pains being taken to avoid 
nicking the copper core. Next remove about 3J“ of the lead 
sheathing from the ouJ of tbo other cable and slip over this 
latter a short ulcere of lead piping slightly larger than the 
ordinary lead-covered cable, and of sufficient length to cover the 
insolation of tbo joint and overlap the end of it. Now make and 
insulate the joint precisely as described in Nos. S and 10 and slip 
back the small sleeve over tho insulation; also cut out a piece of 
shoct lead to form a sleevo over the rest of the joint, ite ends 
overlapping those of the lead covering on the cable by about 1*; 
lastly, train and trim these load coverings to fit closely, and solder 
Or solder-wipe the seams to make a neat water-tight joint. 


Twist-Joint No. 17. 

Prepare and maka the joint precisely as in Nos. 1 and 2, when 
it will have tho appearance ehown in Fig. 191, and it may prefer¬ 
ably be kept as short as possible in order to facilitate insulating it. 

To insulate.—Warm up the G.P. covering on either side of the 
joint, then work and draw down with moistened fingers that on 
one side half-way over the joint as in Fig. 192, and next that On 
the othor side, giving the form shown in Fig. 193; work the two 
draw-downs together and scar all the joint with a hot searing . 
iron. 

Wrap a strip of G.P. woll warmed over a flame round tho centre 
of the draw down as in Figs. 194 and 193; now work-this roll 
both ways with moistened fingers until it is uniformly distributed 
over the joint ss eeon in Fig. 196, finally smoothing ail over with 
a searing iron, and lastly with wetted fingers so as to leave the 
whole joint quite smooth. 

T-Joint No. 18. 

Prepare and make the joint precisely as in Nos. 3 and 4, 
keeping its dimensions small. 

Insulate in a somewhat similar manner as in No. 17, working 
the three branch G.P. coverings into each other at the T. Worm 
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narrow G.P. strip must now ha wrapped round the T, drat one 
wop and then the other, end drawn down in the three directions 
so M to leave a clean, smooth, insulated pint. 





Fma, m—ISHi. 

TwiST-JoiXT Ho. 19, 

This joint is mode in precisely the name way as No. 11, and is 
insulated in plio same manner, and is shown in fig. 197, 
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Slanting T-Joint No. 20. 

The rnl'li} to bo tapped is proparoil exactly as in No. 12, the 
other cable havin'; its iuuor seven wires soldered together, cut 
half off "nil scarfed to the dosired auglo or slant. Tho remaining 
twelve wires aro then wouud ns liefore in opposite directions, six 
one way and six the other, round the othor cable, giving tlie joint 
shown ill Nig. 11)8. Tlie scarf should butt up against the tapped 
cable and be soldered to it in the final sweating. 
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SnuinUT Concentric-Joint No. 21. 

Wo will assume that the cable or main is a 37 stranded, lead, 
covered ami armoured one, the gauge being any ono of tbo usual 
sices in practice. Treat each of tho two ends to bo jointed as 
follows:—Unwrap the outer revving of yarn or hemp for a 
distance of something like 13 inches from the end, bnt do not cot 
it off. Next unwrap tlie strip armouring for about the same, or 
a slightly loss distance, say 11 or 12 inches, without cutting it off. 
Then unwrap the inner serving of yarn, which separates the 
armour and lead sheathing, for some 10 inches, without cutting it 
off. 

Now remove the lead sheathing for about 9 inches altogether. 

Joint in Innor Main.—Carefully bare the outur conductors 
for about 7 inches from tlie end with a sharp kuifo. Spread 
out aud clean them each with fine emoiy cloth and straighten, 
leaving them outspread. Next bare, carefully, the inner 
conductors for about 5 inches. Spread out and clean each 
conductor with fine emery cloth and straighten each. Re-twist 
up the innermost 19 as they were originally, and cut 4 of this 
inner 19 strand off. Remove any jagged edges and aoldur so as 
to form them into a solid mass. 

Each main will now appear as in Fig. 199, except that the 
unwrapped ends of tho yarn and armouring are not shown, 
Now cut off j of every alternate wire immediately, surrounding 
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the inner ID, and bringing tbo two ends of the cables thus 
prepared together, bo that the inner ]9 J s butt up to each other. 
Interlock these outer wires so that the respective pairs also hutfc 
though alternately on cither side of the centre. Then bind this 
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first Joint of the inner cable with four strip* of tinned copper 
binding wire, each of some ton turns, and llio fcdrips equally 

spaced over tln> joint* so that the tlireo sets of baits come ill 

botwocu tbo four strips of binding wire. lastly, by means of two 
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ladles, keep pouring melted Bolder over the joint, catching it in 
the ladle held underneath and using it over again and again 
until the joint fate* the solder and becomes tinned and soldered 
into a solid mass. Fine powdered resin must be used as a flux in 
just sufficient quantity. 
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. When cool enough, taper the end of the first insulating cover¬ 
ing, when the joint should then present tho form showp in Kg. 
200. Now wrap on tightly in the usual way, first pure rubber 
strip, with the application of rubber solution tfetweea layers, and 
then prepared tape up to a thickness slightly exceeding the 
other insulation. 

Joint In Outer Main.—Wrap a shoot or sleeve of copper plate 
which has been previously cleaned on tho outside carefully with 
emery cloth, and which is of such a thickness os to be comfortably 
pliable. This sleeve must be the length of the outer conductors, 
end make one turn or wrap fitting tho insulated cable closely, 
Now cut off half of every alternate wire of each ontor main and 
interlace, after cleaning and straightening each os before. Then 
bend them closely over the sleeve of coppor by tinned binding 
wire in, say, four strips about wide, the butts of the conductors 
being between tho pair of etrips, either end. 

Solder as before with tho ladles. The joint now has the 
api>carance shown in Fig. 201, 

When cool enough insulate up in the UBunl way, tapering the 
eude of the old insulation of the cahlo beforehand. 

Protection to insulated joint.— Wrap a pieue of sheet lead 
over the last insulation, so as to form a slcovo of just one 
complete turn and overlapping the cuds of tho ordinary lead 
sheathing of the cable. Then toiler trips tho ends and down, the 
seam so as to make a good water- and airtight joint. 

Note.—Any part of the lead may be previously painted if 
desired so as to prevent the lead solder wiping from taking to 
that port. Next re-sorvo the inner yam as far as it will go over 
Die lead joint, adding more to complete tho serving. 

Then repeat this operation with tho strip armouring, and lastly 
with tho outer yam, when the joint may finally bo well tarred 
over and is then complete for laying in. 

Generally speaking, all joints larger than about i T r can be 
more expeditiously and effectively soldered by using flux and 
pouring molten solder out of one ladle over the joint and 
catching it in a second and larger ladle underneath. The imson 
is that by this means the joint can be raised to, and kept at, the 
proper temperature, which is difficult to obtain with soldering 
irons. 
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PBEFACE 

This work is intended to form a systematic course of instrnc- 
tion in the very extensive field of testing connected with pure 
Electrical Engineering. "While much has been written, from 
time to time, about the more elementary branch of testing in 
Electrical Physics, relating in a measure to Electrical Engineer¬ 
ing, I believe that, so far, no extensive attempt has been made 
to treat the more advanced and pnwtical portions of the subject 
in that systematic manner which it requirea. 

I, therefore venture to think that the present work, which not 
only embodies mueb of, if not all, the experimental work that it 
is usually possible to do at moat colleges, but also inaoy tests on 
heavier electrical machinery, together with a highly descriptive 
course on jointing Electric Light cables, should be eminently 
suitable for constituting tho electrical laboratory practice in the 
second and third yeere of n complete course of instruction in 
Electrical Engineering, and in addition should he of consider¬ 
able service to the electrical engineer in electrical works and 
central stations. As far as posaiblo the tests have been arranged 
in tbe order in which they may be worked, when used as a course 
for students, but there are exceptions to this rule, owing to the 
advisability of keeping tests of a similar nature together. I 
have endeavoured to make the teste as complete and descriptive 
as possible, and applicable in the case of any college and testing 
room. Each test comprises—an Introduction giving the chief 
features, advantages, and disadvantages of the test, condensed as 
much as possible; tbe Afyiarotus necessary; the Ohseroatcour to 
be carried out, in other words, a complete and carefully arranged 
digest of tlie method of carrying out the actual test, with h 
Diagram of Apparatus and connections represented symbolically; 
a Tabular Form indicating the most convenient and proper way 
of recording the observations; and finally, /iterances which can 
be drawn from the reeulta of the test. These latter if ooascien- 
vii 
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tiouely worked out are calculated to Mote the experiment* to * 
think and reeeon for himself. , 

Following the series of teste is an Appendix, containing the 
Algebraioal solution* of the various formula met with in Afe 
tests, and these the etudent is strongly urged not to refer Jo until 
he luu tried, by all the mesne in hie power, to solve the inference 
for himself. 

The Appendix also contains complete descriptions end illustra¬ 
tions of a large amount of the apparatus which may be employed 
in carrying out the tests, a considerable proportion of it being 
such as will be found in almost every college and testing-room. 

Useful constants and tabloa which ere frequently needed in 
electrical engineering tests are added at the end of the book. 
A good deal of tho apparatus illustrated has been constructed by 
the mechanical assistants, Messrs. John Watkinson and Herbert 
Addy, of the Eloctrical Engineering Department of the Univer¬ 
sity, Leeds. 

In conclusion, I wish, to express my sincere thanks to my 
valued friend, Mr. Charles Morcor, M.A., for the very consider¬ 
able amount of trouble he has taken in producing the photo¬ 
graphs from which many of the illustrations are obtained; 
to Dr, John Hendewon, for permission to use the tables of squares 
and reciprocals of numbers; to Messrs Kelvin A James White, 
for permission to use the tables of doubled square roots; to His 
Majesty’s Stationery Office, for allowing me to use the tables of 
logarithms and anti-logarithms; to Messrs. Locgmims, Green A 
Co., for their kindness in lending eight illustrations and a 
little printed matter from Practical Electrical Tailing; to Mr. 
Herbert Addy, for the trouble he has taken in making the 
drawings from which the illustrations of joints, made in electee 
light cables, are taken, and also for reading through the proofs 
simultaneously with myself; and further to Messrs. Nalder 
Bros, A Co., Kelvin A James White, Siemens Bros, A Co., 
Crompton k Co., and Evershed k Tignoles, for their kindness 
in lending me the blocks of some of the illustrations of the vary 
excellent apparatus and appliances mode by them. 


O. D. A. P. 



Preface to the fourth edition 

Whilo opportunity has been taken, in previous editions, lo 
iiotli enlarge and improve the book, the scope of it lias under¬ 
gone very considerable extension and rearrangement in the 
present edition. Of some 132 extra pages of now matter, no 
less than 116 represent entirely new testa, including a littlo 
•additional theoretical explanatory mutter to the previously 
existing tests, while the remainder comprise descriptive matter 
and tables of useful figures. 

Some of the new tests are of a direct current nature and tiring 
tho direct current jiorlion of the hook more thoroughly up-to- 
date; but tho remainder, forming by far the greater projxirtiou 
of new tests, relate to alternating currents. This branch of 
practical work—always more difficult to understand than that of 
direct currents—lias therefore been greatly strengthened by 
additional matter defiling witli modern theory, laboratory and 
commercial tests supplemented by vector diagrams which enable 
tho phase relations between gamut and pressure to be more 
easily understood. 

Further, tho greater portion of the work has been completely 
rearranged so as to have all tests of a like nature together, 
though not necessarily numbered in tho order in which they 
should he tnkcrtU The author therefore hopes that this edition 
will 1 m found to offer many advantages over previous ones, and 
he will welcome notifies! ion of any errors which may liave 
escaped observation before going to press. 

I would like to thank my friends who have so kindly helped 
mo to read through the proofs of this edition simultaneously 
with myself; also Messrs. Everslied it Vignolcs, Naldor Bros. & 
Co., and Elliott Bros. Ltd., for their kindness in lending me 
additional blocks of illustrations of apparatus; and Messrs. 
The London Electric Wire Co., Smiths Ltd., lor permission 
to reprint their Tables of Resistance Wires. 

G D, A. P. 
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EDITORIAL NOTE 


Tns Diusctj.y - Useful Technical Series requires a few 
words by way of introduction. Technical books of tbo past have 
arranged themselves largely under two sections: tho Theoretical 
and the Practical. ' Theoretical books have been written more 
for the tnuning of college students tlian for the supply of 
information to men in practice, and have been greatly filled with 
descriptions of an academic character. Practical books have 
often sought tho other extromo, omitting tho scientific basis 
upon which all good practice is built, whether discernible or not. 
The present series is intended to occupy a midway position. 
Tho information, tho problems, and tho exorcises are to be of 
a direcbly-usoful character, but must at the samo time be wedded 
to that proper amount of scientific explanation winch alone will 
satisfy the insulting mind. Wo shall thus appeal to all tech¬ 
nical people throughout the [and, either students or those in 
actual practice, 
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APPENDIX 


PROOFS OF FORMULAE 


Deviation of the deflections of Reflecting 
Galvanometers from the direct propor¬ 
tional law. 


It has been staled on p, 6 that the sralo deflections of & 
D'Aramivnl galvanometer arc dnvctfjf jirojMfrlioitul to the curl'enta 
producing them. Though this in not rigorously correct, it id 
sufficiently true for most practical purposes in the nsuul forms of 
instruments belonging to Ihw cLikr, For very accurate) work, 
however, it is neec^-^iry to apply a correction, usually amounting 
to a small fraction of 1% for deviation from this Law, and this 
wo now proceed to iudiculc. 

Let 0 be Iho zero of the scale 
PQ f presumably in the centre, 
though, for convenience, only otib- 
q half of the scale is shown, and 

**' let Od aud 01) be the scale de¬ 


al 



Pm. 1502 . 


the two positions of the mirror 
By drawing the normals to 1 


flections of tho spot of light on 
1*0, from zero for currents C\ and 
C 2 through the galvMio mo ter 
coil. 

If B is the centre of the needle 
ns f then OB is the incident ray 
of light from some source at 0 
and Bd, RD the reflected rayd for 
and its attached needle ns. 

mirror in enoh position we get 


4L0 
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Ea and HA respectively, and it can lit cnee be (shown that the 
angle i WE = 2aBA, or tliattbo angaiav motion of the mirror is 
half tliat of the reflected my. 

Now silicons is contained by tlie piano of its coil for ko current 
ami is parallel to I’Q, wo tdlall always have (for the small angular 
motion of IW usually obtained in minor galvanometers)— 
t', i ft,=but. 1 Olid : tan. $ OJW, 


‘ - tan, f. 


tid , on. 
oh : (il "' s on. 



Od 

oh 



(ucciiratclj), 


nr if Od ;ind OD cue iiol very different and art email, Uioii— 
C i : G 1 — Od \ OD (approximately). 


Measurement of the Internal Resistance of 
Secondary Cells. (Fall of Potential 
Method.) 


Proof of Formula.—Referring to p. TO, let total 

K.M.F. of tlie oell or battery, and 1 tbo jMtrutial difference at its 
terminals, when sending a current A. 

If then H is the internal resistance of the cell and H the 
rceistnuoo of the external oiicuit, we have by Ohm's luiw— 

Fall of Potential round external circuit— .IA’= Y, 
and „ „ in the cell itsolf = A E. 

Henco we must have A' - .1 -f Alt -«.{ [E a it). 

llut tho Kill of Potential in tlio coll iUelf is also = E- V, 

E- Y-All, 


and 


oluns ; 

A 


or thus 
Jleuco 


V' = ah 

Z~ F -Jk, but AR= v, or = \ 
V A 

ohms. 
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Measurement of Resistance. .{Wheatstone 
Bridge Method.) 

Proof A Formula.—Referring to Fig. 33 I,, p. 82, lot F t , F, 
and F,—the Potentials of tho points P, N and T respectively; 
then tho point Q will also bo at tho potential F s , since when tho 
bridga is “ balanced ” no deflection will occur on tho galvano¬ 
meter, owing to thorB being no d*jfcrc7icc of potential botwoen 
If and Q to cause a cuircnt to flow. Now lot C v C v C, and C, 
bo tho currents passing through tho resistances r, r, t r t and r 4 
respectively of tho arms of the bridge. 

Then n-'i-qA-ty* 

and F 3 - F s = Oft = (7,r,; 

hut since on balance bring obtained no current flows through tho 
galvanometer, t. a between the points N and Q, wo got 
C 1 = C, and C„ 

« < ■ (/ t C r 

whence by division ■» *-i 

Cf, Ifa 

or r *J} 

*1 r i 

and 

Tiie resistance in tho galvanometer and battery circuits ia 
immaterial, so long as it is not great enough to diminish the 
sensitiveness of tho tests; consoqueutly it may vary without 
vitiating the results at all. 

Measurement of Low Resistance. (Potential 
Difference Method.) 

Solution of Inference*.—Referring to Fig. 34, p. 85, let 
ri = current flowing through tho resistances r and fi in series, 
and e, 7- Potential Dilferences across their extremities re¬ 
spectively. 

Then from Ohm’s Law wo have 



but since the galvanometer resistance is high conjpared with 
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sillier r or R, we bavo its deflections i t and d s across these re¬ 
sistance^ respectively proportional to v and V, whence 

11 r 

and the unknown resistance, assumed to bo (r), is 

t *= H ohms. 

In 

Aanmptions.—(y Hint no fluctuations of the current A have 
occurred in the interval of time between the observations d n and 
d r of any particular pair. 

(2) That the introduction of the galvanometer across the re¬ 
sistance has not altered the P.D. at their respective terminals 

(3) Tint the deflections aro proportional to tko currents, which 
is very noarly truo for ordinary reflecting instruments. v 

Errors may arise from tho warming up of tho resistances to be 
compared, duo to the passage of the current, and tho consequent 
alteration of resistance. The current should net be strong enough 
to do this. 

Also from tho presence of thermo currents caused by the 
warming' up of a junction of two dissimilar metals. 

Lastly, from the inconstancy of the current, which can be 
minimised by taking readings with one of the resistances brfora 
and after that with the other, and noting the mean of the two. 


Measurement of very high or Insulation 
Resistance. (Direct Deflection Method.) 

Bolution of Inferences.—Referring to p. 101— 

Let b - the internal resistance of the battery, 
y—the galvanometer resistance, 

Cr C f ■= the currents through the galvanometer, causing deflec¬ 
tions d a d n when the resistances E and v are in oircuit respectively 
and A be a constant converting these deflections to actual 
currents. 

Then if S is tho EM, R of the battery we have by Ohm’s Law 

... s * s tf.JB 

C *- X4 *~ Vf?* 4* m &+lflfr+t)+tSa 

, ■ c+i+ ST> 
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S jp jy 

Similarly C r - AV7, = ^ X —- JJ = (r + i) (Yf)+?' S '' 

r+ ‘ + ^? 

vhenco by division 

tiff (r 4- fi) (*^r 4- ff) +.7 ^ r Jb 

+ tf) +^iB ^r 

Now 6 will always be negligibly email compiled with R or r. 


•»¥ _ r (^+y)+tf^ .. 1 ( + ^!L 

e riwjs ,y Y(u * y +ff 

or .1, [7?(l+ £)+»] “<*,[«• (l + ;5)+ 7 | . . (1) 

Wlion no shunt* aro used A' n and S r both = infinity and 
d„ (/f+jr)-<t(r+y) 

Lnslly, if (y) is negligibly small compared with 71 ami r, then 

d R U~<l r >', 

and .(2) 


The assumption made iu both formulas 1 and 2 a bo 70 aro 
that— 


(a) The E.M.F. of tho tost jug battery remains constant 
throughout the tests, which id justifiable owing to its working 
through such high resistances, 

(i) The internal lewstuucc of tho battery is so small compared 
with R and r as to bo quite negligible. 

Id the relation (2) above, it is assumed Hint— 

(c) No dhmits are used at all with tho galvanometer, 

(d) The galvanometer resistance (y) is so small compared with 
R and r as to bo quite negligible. 


Insulation Resistance of Electric Light 
Installations while working. 

Solution of Inferences,--Let A and B bo the two points of the 
circuit most convenient for attaching the wires to, that come from 
tho two-way hoy K, Let ?*== resistance of the voltmeter, and 
R X R 9 -insulation resistances of tho + 19 and - ** sides, respectively, 
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of tliB natwori or installation, in oluus. Then that of the whole 
Ji R 

system, every tiring included, — r l ~jr 

• /ij + -/rj 

In Fig. 20represents the earth or nearest gas or water-pipe. 
If then V l and F 8 are tho voltmeter readings wlicn placed 
between tho +” and -’•sides of the circuit and earth, and V 
the voltages between the mains, we luivo 



Kail of P,D. between A ana E, tb. 7, = P-v — 

- + II 

ff, + r . J 


Similarly tho fall of P.D. lwrlwccn It and E t viz. Pj— K-r, 2 - — 

A., r„ 

Since EPA and EVA are in panillcl, ftiul the combination iu 
series with EQH. 

- V 4- V ■» V _-J^L+W r *_. 

” 12 WWyvfV'a 

l i + V \ A* rj 

or (v^+”r 2 “^) 

*. } ^ r isxL^l±m 
krgLlh ) ] 1 

(Fj+Fj) representing the absolute sum of the two voltages, 
assuming they nro to opposite sides of zero. 
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Insulation Resistance of a Storage Battery. 

(Mutton of Inferences—Referring to Fig. 50, r- 1S8 — 

Let P, P, P } .. .be points on the battery which ore partially 
earthed, 

7?, R t be the resistances of these earths, 

C, C 2 C,... be the currents flowing from P, P a and P t ... 

to earth when Q is connected, K closed, 
and r «= 0. 

B x E,E t . . , the E.M.F.s between Pand P l P 2 P ) . . , 
respectively. 

Tlicn if all tlio currents flow from battery to earth 

ff| — P\ i 

otc. etc. 

Also ■ * • 4-^ = 0. 

lienee— 


_ + C ! ^ + C s ^*, + +(?c _o 

"1 *4 " J( a ' K % 

IJow whon (7 0 fulls to C r by iucreosing ^ to (g + r) we have 
Pi+ C, (?+■') , A' 8 4g r (j+r) Crjy + ^-E, 

Jl i + P, + '" + P, 


.G r (j, + r)-E, 
+->7- 


+ i l . + Of *5 0 . 


Kejico from the di. Horen no of tboso two equations we have 


}Co?-Cr(j + >->i(^ + ^ + - ' ' )+<?•“ 0,-0, 

t, t'c? “£>(?+*') 

mce n - (,' r ^ c- 


Insulation Resistance of Dynamos and 
Motors. 

Solution of Inferences.— The proof of the formula employed in 
this test is precisely the eeme as that given on p, 494 for the 
insulation resistance of eleotrio light installations. It will not 
therefore be repeated here. 
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Efficiency of Direct-Current Generators. 
(Hopkinson's Electrical Method.) 

Solution of Inferences.—Referring to Fig, «5, p. 1 i*J4, let 
V 1 Jg V % be the terminal voltages of a, 0 and y respectively, and 
A. the main cuiTCnt through them nil. Then we have—* 

Towor develop^! by the generator a =AV { WnfU. 
f , supplied by the Auxiliary y t> 

„ given to the motor ft ^A F s „ 

Hence AV i **AV t -AV l -A {^-Fi), 

which is iUe power lost in both machines together. 

If V— normal working pressure of n and ft when running as 
dynamos, r» and rp =* normal resistances of their shunts. 

V 2 y 2 

Tlten — and — -Watts wasted in their respective shunt 
r* 

circuits, neglecting any extra rusishmeo such as l\ and S# Now 
lot the total internal loss in a^tliut in /?. Then— 

Efficient of dynamo a 

A\\ 


useful puw or develop] 
total power put in 

Kflicioncy of motor 


J^K,+ /I V, + ~ 


useful B.JLF. developed 
total li.II.T. put iu 


- 1 Ar t +A)\+ 

' i- - *' 

ilF.4- - 

J *> 






AV. + - 




r* 


If now we neglect the shunt losses aim! — in com^i rison 
with the outputs of a and /?, then 


s „J y * 

“ l i+ l» 


ami Xp- 


F,+ F, 

2f, 



m 
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L--u-t.lv. if we aasinno [.hat the machines u\) so alike that 

2. = 5 s = 3(sr.y) 

Then ur5«\/Ij 

which id therefore the ellkiency of cither uuu-tiiiio. 


Self-Induction by the Impedence Method 
using Single-Phase Alternating Currents. 

Bohtion of Inferences.—llrfemng to Fig.i:ii,p. :iG0, let V. 
and V :i ho tbo i-cadin^A of Lite voltmeter when an alternating 
and dim-t current of tlie samn strength A is successively pasfiod 
through the self-induction whose value /✓ in to bo do ter mined. 

Lot n = fret [no nay of tlw nit mm ting current in per sec., 

then its angular velocity jf »Him. 

If A' = thi> olimi« rcdi.stauru of the eelf indnelive circuit we 
have for the direct cuireut, by Ohm’s Law, 

ohmo, 

and for tlio alternating current we have 

— ij LY ■}■ IP the iiiippdonrp of the circuit. 

A 

Iteuro by auhslitution -^ = \/{fy) - + ^ 

« (5)-w + & 

w]moeo r 'V"(!'A') ~(y) “i[ V ‘~ 7 "} 

Mil •'■■ 1 '‘Za^Kt V l L ™ ri ‘-’ s ' 


Self-Inductions in Series and Parallel Laws 
of Combination. 

Proof of Formula. Suppose that wo first take the arrangement 
represented in Fig. Ififi y, p. 3B7, in which all the self-inductions 
Z.J ij i, and i, are in parallel. 
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Let them possess ohmic resistance E t R t and R t respectively, 
hut no mutual induction. 

Also Iflt L t end K, be the combined or equivalent self induction 
end ohmic resistance of tho combined [tniullel circuit such that if 
Substituted for the pmnllol bruaclioe the same potential difference 
V would exist at the terminals, causing the same current A to 
flow through. 

If then the angular velocity of tlie alternating current be 
denoted as usual, by p — 2~n where n is the periodicity, we can 
apply the solution obtained by Lord ltuyleigh for the impudence 
of immllel circuits and given in a piper by him “ On Forced 
ILirmonic Oscillations of Various Periods."— 1‘hit. Mug., May 
183G. 

Jf A 

Tba * / '*’“A‘+^V 

where and 

lienee ^ 

Substituting tbo values of A and ft given above we get 

2 - </ '-.V+ »} - 1 — zT^y“7 Ji ~\y 

v (L- 1 i‘+fi 1 )y } r(/-y+ ay) 

t ike the arrangement shown in Fig. 135^, in which tho 
induction* are connected np, two in series and two in parallel. 

Here, since self-inductions in series sum up like rosiatauce in 
senes, we have, applying the last equation for two puvlld 
branches, that 

J- yTi’Jr+iQ 


■lyn, V + (l 1 + J 2 /,+f, y 

(',+',W M K+W Vm+W* 
V(J'i + ^r + /-i + L ( )y + (£, + it t + H t + P,Y 
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^(5/OV+W 

which is the combined 01 * effective or equivalent impudence of 
tbiB particular branched circuit. 


Electrostatic Capacity of Electrical Cables. 
(Multicellular Voltmeter Method.) 

Proof of Formula—Lot C\,=capacity of the standard air 

B . condenser; C L — capacity of the cable, 
f y \ and capacities of the voltmeter 

at the potentials K and V respectively. 
'S \ Then if C„ is first charged in parallel 

\ with V to a potential V,. the quantity 
J of olectricity in tho chargo is Ctj = K, 

-1_/ (C 0 + idj), since tho capacities t' # and 

J lcr'' JX7 «/ ^ are ' n parallel. 

) If now K is closed »o an to put G r . 
3—' in parallel with the first two and tho 

C L - potontial falls in consequence to V t , 

Pio. 204. the quantity of the charge is still tho 

samo assuming no leakage, and we have 

^^(C.+ Ca+JQ. 
llonce V t (C. + A',) - V, (C. + C t + 

V% O' + K , 

^ V i G.+Vi + K) 

and by a well-known rule in proportion wo have 

V, <7.4- K, t\ + /T, 

K[- V t ~C.+ C,, + fC t -C t -K~t\+ K, -ff, 

V.£l + KjJfj - V i K l - Vfi, - K,C. + Kj/f,- V. t K y 
Hence Vfi L + V 2 A' 2 « C.( 7 l - V t ) + 

and Z&g&=y& 

or neglecting the capacity of tho voltmeter in comparison with 
(7. and Cf, we have Cj=(?.—■ 
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Capacity of Concentric Cables. (Standard 
Magneto Inductor Method.) 


PlOOf of of erring to tho tost, p. 377, let tho 

number of turns of wira on the standard inductor ami F tho total 
number of lines of magnetic forco threading tho gap, then tho 
interlinking of turn' and field = FN- 
If now 7? = trlie total resistance in ohms of tho inductor circuit, ’ 
tbo whole quantity of olcctricity producing tlio throw d t is 
NF 


Again, let C?ixtlio capacity of tho enldo in microfarads, the 
potential cl ill even re in volts to which it is charged, then tho 
quality of electricity causing tho throw d c is 
Q t xtl t. €V t 
10- 1 

;tinl 1 niicmcoulumh =* ^ 10C.C.S, units of quantity, 


also 1 oJjih 
Urn co 


and 


W 

= It) 3 (1 (1 Sl units of ttririaiLCO 
di ^V_ _ 

rr 10 T? x~Uf*"i;YV " 100 UVU 

„ FJT dc . . . 

6 — i ir .i microfarads. 


lOoATrfj 

For the greatest accuracy we ought to liavo 
di-d* 


Three Voltmeter Method of Measuring 
the “True Electrical Power” in Single* 
Phase Alternating Current Circuits. 

Eol ation of Infe rences.—IMerviug to Fig. HO, p. 380, let 
the J mem squaro value of the voltages, as given by either 
a bob wire or electrostatic voltmeter, be denoted by V, Fj and V 2 
for the positions shown in tile figure; also lot (r) —tbo mine of 
the non-inductive resistance (ill in ohms. 

Then we require the value of tho moon or True Power in 
Watts HP given to the whole circuit PR in which the whole power 
it absorbed^ let v, e, and v, be the instantaneous values of the 
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voltages corresponding to the J mean snunra values V,V t and P, 
respectively at any instant (<), then * = r, + 1 > 2 ; also tf («} = 
instantaneous current in amps, (lowing through PR at this same 
instant t, wo have the instantaneous value of tbo power in Watte 
(re) giv_ti to PR at tluit instant ns to = rn; 

but we also have a ■= -* t pine© QR is noii-iiiduclivej 

whence lo — ua — tr-- 3 = ^ 1 

r r 


or v» 2 -t or\ 

now nine© v = v l +v i 

v^v-vt 

and - 2vjy - a,) = iw,, - Vvf* 

Ilfnee by substitution 2D l w Jf = 2tor-2v 2 “; 
but v l — vf *1- 2^,17^ 4- v a 2 hjr m jiinrlng, 

?i 2 *-* *j- + l!v a -+ v.f by miljsliUUoii. 

llenre Ml-V + l, 2 2 j- 

Integrating Ibis {notation for Clio period T wv get 

ft v * lt ~b{f > '< v ‘ + / ’’/'*} 

and finally W= ^ P*- P,*+ V?}. 


Efficiency of Transformers. (Blakesley’s 
Three Dynamometer Method.) 

Solution of Inferences. —Referring to p. 423, on which will 
be found a formula derived by Mr. BlakeBlcy for expressing the 
power given to the primary of a transformer in his method of 
measuring the efficiency of such an appliance. Professor Ayrton 
and Mr. Taylor have deduced the following general proof of this 
relation, which makes no assumption whatever as to the nature 
of the current, whether sinusoidal or otherwise, but only that 
there is no magnetic leakago between primary and secondary 
windings. This is approximately true for "closed circuit” though 
not for "open circuit" transformers, so that the method cannot 
be considered a very good one. 



•b S 


ELECTRICAL ENGINEERING TESTING 


fHVJ 


Lot a i = iustsintanooiw valuos of tho current* mul Vj v t those 
the J3.M.F.S in tho primary and secondary winding* haring 
kirns respectively, and fl^bbo menu density of limn in tho 
o, then if Rj A' s — uhimc resistance* uftho primary and secondary 


wo luiva 
Bub 


•i-^A + 


A', ,111 

10’ 'll 


P , , 

lyj "2 rt i n*tifu tvo ivssumo no irnkngu, 

V 

v v = Ufa + V- ] 

A 2 

nmliiplying all through by a i we get 

•A^V+V Vt“r 

jV 3 

Integrating this last equation tatworn (hr- limits of llu> period 
T wo got 

1 f T It f T i\\ It f T 

fj, *i“i ' h ^ jU> “i ^'x.r J* 

11 mice if A is tho split dynamometer raiding wo finally have 

«V. 
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Preparation of the Clark Standard CelL 

Definition of the Cell.—The noil consists of zinc and mercury 
in a saturated solution of zinc sulphate and mercurous sulphate in 
water, prepared with mercurous sulphate in excrs.3, and is con¬ 
veniently contained in a cylindrical glass vessel. 

Preparation of Materials. —The Mercury ,—To sccuvo purity 
it should ho first treated with ncid in l.he usual way,,and sub* 
sequently distilled in vacuum. 

The Zinc. —Take iv portion of a rod of pure zinc, nud solder to 
one end a pioco of oop|ier wiro. Clean the whole with gloss 
paper, carefully removing any looso pieces of zinc. Just boforo 
making up the cell, dip the zinc into dilute sulphuric acid, wash 
with distilled water, and dry with a clean clctli or filter piper. 

The Zinc Suljihati Solution ,—Pro pare a saturated solution of 
pure (re-crystallized) zinc sulphate by mixing in a flask distilled 
water with nearly twico its weight of crystals of pure xine 
sulphate, and adding a little zinc curbonato^ in the proportion of 
about 2 per coni, by weight of ziuc Bill phato crystal b, to neutralize 
any free acid. The whole of the crystals should be dissolved with 
the aid of gentle hat, i. o. not greater than 30’ 0., and the solu¬ 
tion filtered while btill warm into a stock bottle. Crystals should 
form as it cools. * 

The Mercurous SuljJuttc .—Take mercurous sulphate 6oId as 
pure, which ia white, and wash it thoroughly with cold distilled 
water by agitation in a flask ; drain off the water, and repeat the 
process at least twice, but after the lost washing, drain off os much 
IK* 
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water as possible. Mix the washed sulphate, in the proportion of 
about 12 per cent, by weight of ZrS0 4 , crystals, with the zinc 
sulphate solution, adding sufficient crystals of zinc sulphate from 
the stock bottle to ensure saturation, and a small quantity of puro 
mercury. Shako them well up together to form a pneto of the 
consistency of cream. Heat the paste sufficiently to dissolve the 
crystals, hut not alxwt 30* C, Keep the paste for one hour at 
this temperature, agitating it from time'to time, and then allow 
it to cool. 

Crystals of zinc sulphate should then be distinctly visible 
throughout the mass. If this is not the enso, add more crystals 
from tho Block bottlo, and repeat the process. This method 
ensures tho formation of a saturated solution of zinc and mercu¬ 
rous sulphates in water, Tho presence of tho free mercury 
throughout tho paste preserves the basicity of tho salt, and is of 
the utmost imjwrtance. Contact is made with the mercury hy 
moans of a platinum wire about No. 22 V.W.G., which is pre* 
vented from making coutart with the other materials of tho tell 
hy being sealed into a glass tube, the ends oE ihc wire pmjoclmg . 
boyond those of tho tube. One end forma the terminal; the othov 
end, and part of tho glAss tube, dip into the mercury 

To Mt up the Cell.—Tiits coll may bo conveniently set up in & 
small teat tube of about 2 cuis. in diameter and 6 or 7 cm$. drop. 

Place the mercury in the bottom of this In bo, tilling it to a 
depth of, siiy, 15 cm*. 

Cut a cofk about 0*5 cm, thick to fit tlm tube. At ono ride 
of the cork boro a bolo through which the zinc rod can 
tightly; at the other Bide bore another hole for the glass tube 
which covers the platinum. At the edgo of the cork cut a nick 
through which tho air can puss whun tho cork is pushed into the 
tube,' 

Pass tho riuo rod about 1 cm. through the cork. Carefully 
clean the glass tube and platinum wire, then heat the exjujsed 
end of tho wire red hot, and insert it in the mercury in the test 
tube, taking care that the whole of the exposed platinum is 
covered. 

Shake up the paste, and introduce it without contact with the 
upper part of tho aides of the test tube* filling the tube above the 
mercury to a depth of rather more thnn 2 cwa. 
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Now insert the cock ami zinc rod, allowing the glahs tuba to 
pans through the hole in the cork made for it. f 

Push Hie cork gently down until ita lower surface is nearly 
in contact with the liquid. The air will thus he nearly all ex¬ 
pelled, i> ad the noil should be left in this condition for at Sant 
twenty-four houcB before sealing, which should bo done in the 
following way— 

Melt some marine glue until it is fluid onough to pour by its 
own weight into the test tube above the cork, using enough to 
rover completely the zinc and soldering. The glass tube should 
project above tiro top of the marine gluo. 

Tlie cell thus set up may ho mounted in any desirable way; 
do it so that the cull is immersed iu a water-bath up to tho hvcl, 
say, of tho upper surface of the cork. Its temperature can thru 
bo determined more accurately than is pOMdblu wliuu tho coll is 
in nil*. 


Instruments for Standard Measurements of 
the Highest Accuracy. 

Tho ptitcnliouu-ter in general must rank 113 0110 of the lirxt 
of this kind, imt auiuly from tho pdnt uf vii-.w of nouuraey, Uat 
also bocmiae of tho ua*i rind rapidity with which llm measure¬ 
ments possible with it am bo tukuu. Thu piinriplc midurlyii]g 
itu use in coultiinad in tho (IrtvkToggrwdurif method of com¬ 
paring E.M.F.s, and an olomi Hilary application of this principle 
in Pnggendoiffs method of calibrating a voltmeter, a detailed 
description of which will bo found iu tho antlmv’u work 
untitled l^wcticul El tcirical Te»tiny for lin*t aud second year 
students. It may, however, boro be remarked that V.'bun using 
tbe potentiometer for measuring current, resistance, and high 
voltages, the principle, as Is well known, comets in roduciug 
any of the three electrical quantities which are to be measured, 
to the form of electrical pvcssmre, or E.M.F., m that it can bo 
oompared by means of a potentiometer with a standard pressure 
such w that of the Clark coll. 
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The N.C.S. Potentiometer. 

Tills is a Borne wlint new type of jJOtentiomeLur, in which there 
is 7 vj el id 6 wire lo got injured or deteriorate with tiino. It works 
entirely by means of adjusted resistances of perfectly definite 
values, tho ouds of which aro permanently attached to circular 
rows of contact studs. 

Pig. 205 shows u general viuw of the potontiomotor in ita 
con Lining «iso with the lid slightly raised. Tho intoiTial 
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arrrmgemotita slid connections are seen in tho symbolical diagram, 
1'ig. 200, with jtvffjviice to which the vvorkiug of the instrument 
will be un dors local uioio clearly. The two diagrams exactly 
coiicisjjond with one another so far us tho relative positions of 
the various parts are concerned. 

A secondary battery is joiued to the two form3mis F, and 
rends a current through the two dials 0 and D in series and 
then through adjusting resistances K and if. The C dial has 
150 exactly equal coils in it, numfaml from 0 to 150. The 
D dial has 100 equal coile in it, the whole dial ljoing exactly 
equal to the one coil in (7. The two togothor are therefore 
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equivalent to n slide wire with 16,000 flxed contnots at equal 
distances. The dial K contains nineteen equal small win, 
resistances, and II is a carbon resistance fpr fine adjustment 
of the current, so that working with one secondary oell, the 
potentiometer can be set to read volts direot with a Clark oell, 

A standard cell of known E.S1.F. is joined up to A + and A 
nnd the switch L i» put over to A , 

Any convenient galvanometer, the most convenient form being 
a IVArsonval, is joinod up to the galvanometer terminals. 

Say the voltage of the standard coll, at the temperature used, 
is 14412; the arm of the C dial is then set to 144, and that of 
Hie I) dial to 12, 

The galvanometer key is tlion depressed on to its first stop 
(taking care that the catch is underneath so that it cannot go 
light down) and the outside resistance K is adjusted till—with 
the switch on one stop—the deflection is one way, nnd, with it 
on the next, in Hid opposite diroctiou. Tim head // is then 
turned until an exact, baiunco ia obtained. A slight pressui'u 
should lie put on tho bead II when turning it; it may not bo 
found necessary to use JI it all the next step. 

Push asido tho catch on tho galvanometer key and depress fully. 
Tliis cuts out a a megohm which was previously in circuit to 
protect tho cell. 

An exact balance can now be obtained by further adjustment 
nf II nr possibly K. 

The instrument is now net so that ooch division rm G is (spoil 
to •01 of a volt, and each division on D is equal to ‘(1001 volt. 

Any low E.M.F. to he measured is joined to BB terminals and 
the switch L set to 5; for example, a Leolanehd coll or the 
terminals of a low resistance for current measurement. 

The galvanometer key is then again fully depressed and a 
balance obtained by moving C nnd D. 

The H. M F. between B and B is then read direct on the two 
dials; for example, if tho rending on C is 83 and that on D is 
07, tho volte between B and B is '8367. Any volts higher than 
1-6 have to he measured on the terminals marked volts +and 
—, and with the switch L turned to V, The switch M is then 
turned to any convenient multiplying power, 3, 10, 30, eto., 
and tbe readings obtained from O and D (when th» balance is 
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obtained as before) have to be multiplied by this multiplying 
power; for example, if C is 103 and D 36, and M is standing 
at 30, tiro Toits on tho terminals are 1032G x 30 or say 30 98. 

Tko resistances in II and K are arranged so that any voltage 
up to 3 volts can bo used at F, thus allowing either a secondary 
cell or two largo Lcclanchds to bs used; it is well to leave tho 
battery joined up to tbe instrument for some ten minutes or so, 
so as to steady down,before beginning work, 

A set of coils ore required to potentiometer down high voltages 
amounting to 300 so as to bring them within range of tbe dials. 



The three-way switch I according to its position inserts tlie 
knowo fraction of tiro high voltago, the alirndaid coll, or any 
third unknown E.M.F, in circuit with tho instrument. 

The following points ehould bo noted— 

When using a standard cell, got a balance with the catch 
under the key before removing the catch. 

Be careful to join up any colls, etc., to their right terminals 
and not + to -, 

Do not screw the head If down too tight. It draws up a rod 
* which eomprossoa a cru'bon resistance; there is plenty of range 
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to cover the difference between two stops K without squeezing 
it at all tight. 

Press head U down when turning; it koepa tha resistance 
steadier. 

The taint l-osietance in tho U dial is 100,000 ohms; not more 
than 200 volts should he applied to voi.TS terminals for any length 
of time. For higher values a known resistance cun bo nddod 
outside and allowed for. 


Crompton’s Potentiometer, 

This potentiometer is shown diagrammatically in 1’ig. SOT. It 
consists of a wire A IS stretched over a ecalo and through which 
a constant current is maintained from one or moio secondary 
cells of sufficient sire to keep it fairly constant fur three or four 



days’ working. A variable re-is lance 0 and rheostat O l is intro¬ 
duced in series with the cell and wire, arranged so as to adjust 
this current to giro a certain difference of potential at the two 
ends of the wire. The circuit which includes the K.M.K. to he 
measured is connected to one end D of tlia effective potentio* 
meter wire, and through a galvanometer to a sliding saddle 0, 
which carries a knife edge to make contact on the wire AS 
at any desired point of its length. This circuit is so coupled 
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up that the E.M.F. to be measured is opposed to the E.M.F, in 
the portion of the slide wire EC, in order tbit the position of 
C on the dido wire can be adjusted until the two F.M.F.s 
balance one another no tlmt no currant psiBsos through the 
galvanometer. In order to compare the E.M.F. to bo measured 
with the standard E.M.F., a Clark cell is put ill in circuit with 
the galvanometer, and the position of the slide Q in noted when 

tho above-mentioned balance bus been obtained. The electrical 

« 

pressure or E.M. F. required to bo compared is then substituted 
for the Clark cr*]and a similar balance found by adjusting the 
Glider C a second timo. Then the comparison between the two 
K.M.F.fl can be made by comparing tho ntopactivo longths of 
tho elide wire included between tho points B and C in the first 
and Becond caho. By dhiding the slide wire AB into a suitable 
number of jnrts, and adjusting tho vaiiabfc resistance until the 
galvaimmoKT comes to zero whon the Clark cell is in circuit and 
the contact C is at a point on the scale corresponding to the 
temperature value of the Clark cell, say 1*434 at 15* 0., the 
instrument becomes direct reading in volts or fractious of volts. 

Dr. Fleming in the year 1883 first called attention to the 
advantages of this system of measuring, and since that time tho 
system has been steadily developed, and refinements have been 
introduced. As the following description will apply to instru¬ 
ments such os arc suitable for a municipal standardizing 
laboratory, it is here necessary to specify what are tbo require¬ 
ments and Emits of accuracy within which these instruments 
may be reasonably expected to measure. First conies the verifi¬ 
cation of voltmeters. This is of importance on account of the 
disputes that aro likely to or iso as to the procure supplied from 
electric-lighting stations. Voltmeters for standard pressures of 
IbD to 200 and 220 volte are principally used for noting the 
pressures in the consumers’ houses, and fur such coses it is 
desirable that thoir readings at about the standard pressure 
should bo verified to one-teuth of a volt or within one part in 
1000. Next it should be possible to verify and certify the 
constant of the various kinds of meters by which the electrical 
supply is measured to tlie consumers. They also ought to he 
verified to one part in 1000, Next comes the verification 
of ordinary ammeters, or current instruments usd for fciade 



512 


ELECTRICAL MGINEBRIxa RESTING 



purposes to about the bum degree 
of accuracy. In both these last cnees 
the lunge through which ..instru¬ 
ments would hhve to be compared 
is very considerable; for instance, 
the instruments sent for verification 
may bo those used for testing olcctiio 
l-imps or for telegraphic puq«*es, 
measuring currents of one milli- 
amporo, up to those used for metal¬ 
lurgical or electrolytic purposes up 
to 5000 auqtorcs or mill'll. 

The correct comparison of resist¬ 
ance standards as well as the cor¬ 
rectness of the ratios of resistance 
boxes ought to bo cajablo of verifi¬ 
cation to ano lut-t in 10,000. . In 
tho comparison of resistances must 
bo included the testing of the con- 
durtivity of various metals, anil the 
insulation resistance of various iusu- 
laliug materials. 

lu tho first form of instrument 
proposed by Dr. Fleming, the poten¬ 
tiometer wiro was made of an alloy 
of platino-iridium four metres long, 
and hod a resistance of about 23 
ohms. Tho wire was divided into 
two parts and strotched over a scale; 
tho whole of tho wire, being re¬ 
quired for measuring purposes, had 
to be Gainfully calibrated, that is 
to say, its electrical resistance made 
equal per unit length throughout 
its entile length. This was a very 
tedious and expensive process. It 
was found vory difficult, if not im¬ 
passible, to obtain wire as it finally 
left the drawplato, which was suffl- 
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cienfcly homogenoooa to bo used without further adjustment. 
In most^cases the whole of the wire had to be carefully scraped 
or rubbed until the required equality of resistance wax obtained. 
Such a wire was very vrilnablo, and if it web brokon or acci¬ 
dentally melted, its loss was a serious matter. 

In a later form of instrument (Fig. 208) Messrs. Crompton 
have atandoued the uae of this expensive material, and at the 
same time hnro arranged so that only one-fifteenth part of tho 
wire AB is stretched over the scale and subject to the wear of 
working. AB in tho drawing shows this portion of tho wire 
20 in. long, stretched over a scale divided into IflflO parts; 
therefore each division on tho scale Ueiug one-fortieth of an 
inch, represents ono fifteen-thousandth of the pwmii'o at tho 
two ends of tho wire; in other words, if the instrument Iroing 
standardized to 1-5 volts nt the terminals of ito wiro, ouch of 

1*5 

tho smallest divisions of the ar.ilo represents ^ Q[jy or °ne ten* 

thousandth part of the volt. The resistance of this wiro in 
usually about 2 ohms, and the remaining wiro is divided into four¬ 
teen ooiliS, each of about 2 ohms, so that tho resistance of tho 
whole is 30 ohms. These coils avo nakod spirals, the term in ala of 
which aro fixed to tho underside of the fourteen contact blocks 
shown at E . Tho swinging Atm shown &m moko contact with 
any one of these blocks. It is an easy matter to ndj list these four¬ 
teen coils when the instrument is first mado so that their rmsfc- 
axice will apfcurately equal ono another, and tho rwrisfoix* of the 
working wire AB can then 1*> adjusted by slightly stretching it 
until it is also exactly equal to any of them. As the fourteen coils 
are protected they never need further adjustment, hut if in iha 
course of time tho exposed portion of the wire AB bocomos worn 
or is in any way damaged, a now piece of wire cm bo substituted 
in a few minutes and stretched by means of tho stretching screw 
shown at F, until its resistance over tho portion from G to 10G 
exactly balances that of any one of the fourteen cods. C is tlm 
sliding saddle carrying tho contact. This consists of an ebonite 
box arranged to slide smoothly on the scale. It w provided with 
a knife-edge spring contact so that the contact may be made 
with a regular pressure which is independent of tho presauro of 
the hand of the user; it also has a micrometer adjustment for 

L L 
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accurate work. T]jo ecinudmilnr switch 0 curd tho cylindrical 
rheostat ( r \ shown to tho loft, which latter gives n graduation 
of resista ure, form j«vrt of the variable reactances above dnecribod, 
ami which are required to reduce tho d iff uronce of potential 
lictwi'f i tho terminals of the wire from that of tho secondary 
cell *1 veils to any desired value. Tho value that has been 
chosen, in thin instrument is 1'5 volts. The instrument is 
provide l with four pair* of terminals, 1, 2, 3, 4. A Clark cell 
c.»n bo put on to one oF these, and any threo other electrical 
pressures to Ini measured can ho rouiu’ctod on to tho others. 
Hie switching urrangomont If shown in 11 iu ountre brings tho 
galvanometer into series eiiv.mt with any ouo of these pairs of 
terminal*. Tho erminet koy fC shown to the oxtremo right is 
u^otl for AliorL-circuiting the galvanometer. 

Wlin i over it if? re. pi ire d to measure an electrical pressure 
greater than that on thn terminals of tho potentiometer, that is 
to *ny, in this case, greater than 1*5 volts, the pressure to be 
muasuicd is applied to certain terminals of a rcsistauco box, 
and the terminals of tlio potoutiomotur svro connected to other 
terminals on this box, which include between them a resistance 
which is an even part, say, one touth, ouo hundredth, or one 
thousandth of the entire resistance of the box. 

When, however, the potentiometer is employed for measuring 
currents, this is done by measuring the difference of pressure at 
two points on standard rosistance'? which, in order to make tho 
iiistnt ment direct-reading, must l« either 1 olnn, onc-tenth, odq 
hundredth, or otie-tlmusji lulth and so on. A a tlnwjo low resistances 
have often to curry very high currents, they luwc to lie designed 
ao that they do not ho.it to a millicient extent to introduce errors. 
A description of u fow different forms of thorn wild be found 
on p. ft) l. 

MKTnoD of “ Rkttikq Potentiometer * hy Standard CRiJfc 

One sooondary cell being eonnt'cted ilirect to tho extreme left- 
hand j>air of tenuimils, the galvanometer to those on the extreme 
right ami a standard Clark cell to terminals TV suppose. Note 
tlm iftHytaxiturQ of the Chirk coll on its own thermometer, and 
from the table showing it? K.M.F. for different temperatures 
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affixed to the instrument op by calculation, using the formula on 
p. 17, or^able p, 64obtain its present E.M.F, corresponding 
to its present temperature. For example, suppose this to be 
16’ 0., then the K.IO. = 1-4340 volts, 

Noxt place the double Bwiteh II on atuds 4, tlie lever on stnd 
14 of E, >vud the tdider key C at 340 on the boiIo, then pi-easing 
this latter, adjust the resistance G ntid rheostat G l so that the 
galvanometer comes J>ack to the zero, at which it was originally 
Ret. Now every ono of the scale divisions will ha tapial to ouoten- 
thouftindth of :t volt, and the potentiometer is thus u set** To use 
tho instrument for voltago measurements If is turned to the un¬ 
known E.M.F., while G and G l remain untouched, only K and C 
now being varied to obtain balance with the unknown E.M.F. in 
circuit with the galvanometer. 

Precautions.—A. high resistance, such :\s 10,000 ohms, should 
always bo connected up in series with the standard cell before 
placing this Across the terminal)) of tho potentiometer, but when 
hdanco in the * ‘setting*’ is practically obtained, the resistance 
oan bo cut out of circuit to make tho balance as sensitive as 
possible. "By doing this the cell will not ho able to send any but 
an extremely small current w hen the balnnco is far /tornperfect, 
and only under such conditions of uso can tbe coll bo relied on as 
an accurate and constant standard of E.M.F. of tbe value set forth 
in tho table above mentioned. 

In taking a series of readings with a potentiometer, care 
should be token, at intervals, to see that the “ eeUing 71 with the 
Clark cell remains constant, and if it doesn't, to adjust so that 
it is. 

Sources of Error.— The current from tho secondary or [i Working 
cell *’ through the stretched wire and resistances E(dteriwj t owing 
to the KM. R of this cell varying. To prevent this it is advisable 
not to use a newly-charged coll, the E.M.F, of such being liable 
to frequent alteration, but to use ono amply large enough, that 
hag already been £ discharged. An extremely constant B.M.F, 
and current will then be obtained* 

Again, a furthor error will be introduced by the stretched wire 
not being uniform, and great pains should be taken to ensure that 
it is uniform. This may bo proved by calibrating it carefully in 
the manner employed in thus testing a metre bridge wire, a 
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fall description of which is given in the author’s wort on Practical 
EkciAictd Taling; or by eroding a perfectly eteody and constant 
current through the wire and measuring the fall of potential down 
equal lengths throughout the genie. 

Still another error may he mused by leakage causing the 
galvanometer to deflect when an accurate balance hat been 
obtained. To avoid this, tlie insulating of the various pieces of ' 
apparatus should bo attended to. 

The above form of potentiometer baa been much improved by 
tho makers, and that made at the present timo differs from the 
above in several constructional details. These, together with 
the a|ipcaranco and connections of tho latest typo of instrument, 
will bo easily understood from the following description by the 
makers. 

The construction of the potontiomoter itself is shown 
diagrammatically in fig. lillfl. Tire calibrated wire is urrangedin 
fourteen coils, called potentiometer coils, lottm-od All, and a 
straight section JiC, called tho scale wire, the resistances of the 
several coils and of tbo straight section being equal. Ono sliding 
contact Q moves over tbo terminals of the fourteen noils, and 
another R along tho straight wire. The raiding of the instru¬ 
ment in the position shown is 1046. Tbe pairs of points whose 
potential diiTaionoee are in lie compared ate connected to the 
blocks of tbo double-pole switch K, whoso lovers, MN, connect 
them, one pah at a time, to the sliding contacts QR through the 
galvanometer. The galvanometer key // is arranged'to oompleto 
the circuit through two resistances, which arc short-circuited in 
succession ns tbo key is depressed. Tim current required is de¬ 
rived from a small secondary battery 0. An adjustable resist¬ 
ance, consisting of a act of coils DR, ami a continuous rheostat 
F is placed in the circuit. By adjusting these the resistance of 
tbe circuit and tbe current passing through it from tbe storage 
cell, and consequently the fall of potential along tbe scale wire 
can be continuously uttered, and the operator is able to obtain a 
galvanometer balance against a standard cell when the reading of' 
the sliders is that of the known E.M F. of the cell at its actual 
temperature. If, for examplo, tbe temperature of tbe cell- be 
16’, so that its KM.f. is 1-434 volte, the Bliders may bo set 
to that reading, and the galvanometer brought to zero by 
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adjusting the resistance DE and the rheostat F. When this 
has been done the scale readings at all points are direct readings 
in volta * 

A view of the potentiometer is given in Fig. 210, and a diagram 
of its kitcrnal connections in Fig. ‘ill. H et e a b is tho scale wiroj 
c tlie set of equal potentiomoter coils in series with it; d in the 
double-polo switch connecting tho six pairs of terminals AJtCDEF 
in succession to the slide contacts - e / ar/> the resistance coils 
and rheostat respectively, and ti in tho galvanometer key. All 
tta moving contact* are under glass, and tho coils and the scale 
wire are inside tho bax. The box itaolf is completely eluwxl, hut 
the inside cun he inspected hy removing a sliding bottom. 
Nearly sill the mensuirmeiita made, involve the use of si standard 
cell, and ono pair of terminals, tho pair A, is assigned to its 
connections to save confusion in working. Fuses of tine wire 
ia-e inserted at all terminals except tlsoeo for tho galvanometer to 
save the instrument roils in the case of an siecidcntal connection 
to a source of high prpMuw. 

Two scab's arc ongraml for idtdo wire mvlings. One im a series 
of oven divisions from 0 to 105, the resistance of the Vale wire 
Ix'twocii 0 and 1(10 being the si mo as that of curb poluiiliomoter 
coil. It has been found convenient to be nhlo to take readings 
a little beyond the 100 mark without having tomovo the potentio¬ 
meter coil switch, and tho seulo is extended to 105 tn admit of 
this. The other scale gives tho values of the Clark cell at different 
temperatures, and is used in tho following way :—Xlio potentio-- 
moter coil switch is set to 14, and tho dido to the temperature of 
the Clark cell taken from tho thermometer attached to it. Tho 
potentiometer reading is then the correct value in volts of tho 
Clark cell at that temperature. By adjustment of the rhoostat 
the galvanometer in balanced, and whoa this has been done the 
current in the potentiometer wire is such that readings nt all points 
give correct valuoe in volts, and tho instrument is a direci-readiag < 
voltmeter. Its maximum range is then I‘fi volts, reading in 
thousandths of a volt, and by inspection to Ion thousandths. 
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• Potentiometer Volt Box. 

This is a simple and most convenient piece of apparatus by 
means of which a known definite fraction of arty voltage can be 
easily and quickly obtained. Ilonee each on instrument can 
be employed with A^ potonfciometor for the moasuromont of high 
voltages, enabling the small requisite voltage to bo taken off 
and used for measurement in tliu potentiometer, fig. '1 12 shows 
A genera] view and Fig. I?J‘l (p, 5^11) A plan of the inleriuil connec¬ 
tions of a variable volt box designed by tho author for use with a 
Crompton potent ion icier, Tt consists of two sets of rcNislanco 
coils, ouch act having its own separate somi-c uvular row of con¬ 
tact studs over whirdi tho spiing contact levers work and inuko con¬ 
tact. Two pui v* of terminals are provided, tho high K.M.F, being 
diroetty mimorrted to those marked M, which Al'O Linger terminals 
than thoRO uurkod // to distinguish them and avoid mi5taken. 
B is the side at which tho known fraction of tho total P.t>. is 
obtained* and of course go to tho polontiouwUu' direct. With 
the levers as shown, Fig. SMjinrai&iou or iJu^ 1 the ^ 
across M will bo taken from B, 


' Low Resistance Measurer. 

The following instrument affords a simple and convenient 
moans of measuring very low resistances, such aa are met with in 
the armatures of largo dynamos, motors, and electric light mains. 
These cannot bo obtained by an ordinary Wheatstone Bridge, 
owing to the difficulty oE making, and the resistance introduced 
by, the contacts, and other reasons which go to vitiate and make 
the results worthless (sec Fig. ill 1), 

The working of tho instrument is as follows —The resistance to 
be measured is joined in scries with a battery and the slide wire. 
One coil of a differential galvanometer is joined by two leads to 
the two' ends of the resistance to be measured, and the other coil 
*cropi or less of the slide wire. 



522 ELECTRICAL ENGINEERING TEXTING 

Tho wilts is divided into 1000 pnrltt, aikI tho whole U bo 
firmngrtl Hint ll 10 fall of potential over tho whole wilt), through 
tho Olio'gillvamnneter circuit, oxuctly balances that (v r or ^Ih 
ohm in the oilier. 

Tlit* reeling* uio LLin proportional throughout the scale, By 
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shifting two plugs the values may b.: multi] dud by 5 or divided 
by 2, thui making the top read J or of an (dim. 

Directions for use.—Place tho instrument on a fairly level table 
or bench. 

Free the galvanometer needle Ly turning the screw at the back. 
Turn the galvanometer on its shank till the needle points tu 
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Join the large terminals of the instrument in series with the 
resistance to be measured, ad< 1 a cell capable of giving, say, 5 
amperes ; introducing sonimvhoro in tlio circuit a real stance, to 
bring tho current down to about 5 auipojm 

Any odd bit of iron or German wlver ur other wire will do. A 
pier© of 0.8. auitublo fo? use with a two-volt cull is sent with tho 
imd runicut. 

Join the long Iryls on In the small pair of terminals. 

Depress the key on tho contact arm to touch Ihu wire ; cIomj 
the circuit witch, and the direction of tho ddluuLioju 
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Truss the two contact speurs ut tho ends of tho long loads on to 
tho two points hot ween which the resistance is to bo measured—• 
tho contact arm being up* Again close the circuit switch and 
note direction of doll Oct ion. If in samo direction as before, 
roverse tlio two convict spears. 

Then, keeping the spears pros&od on the resistance to bo 
measured, depress the key on the contact arm. 

If the deflection reverses it shows that tho full of potential 
over Ji {the unknown) is less than that over the wire, and the 
aun must be moved bock towards the zero oud until the galvan¬ 
ometer noodle points to zero* 

The arrow on the contact arm then points to tho resistance on 
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the scale direct in ton-thousandths of an ohm, thus a rending of 

517 5* T ffJmn °r 0617, 

When the plugs are in 2 and 3 the instrument needs as 
above described. When in 1 and 2 the reads must be multi¬ 
plied by 8, thus a read of 274= 0274 x 6 = '1S70 ohm. When 
in 1 and 3 tha reads must be divided «by 2, thus 03= 0098+ 2 
= 0019 ohm. 

Tbo spears should make fair metallic contact, but nothing more 
is necessary. 

The gnlvanomotcv turns on its pillar, and can thus bo sot to 
zero. It should bo set to zero with the current switch closed, 
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but without the contact arm being pressed or tiio spears in 
contact. This avoids all disturbances from the heavy current 
leads. 

The contacts in tho current leads do not need any care, their 
resistance, even if variable; does not affect the result. 


Approximate Testa for very Low 
Resistances. 

In armatnree it is sometimes desirable to teet each bar separ¬ 
ately, to see that they are all the same, but if tested as above the 
reading would be bo very email that there would be no certainty. 
A comparison of the bars can be taken by putting a (hunt of any 
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convenient fire, say 6" of Kb. 8 platinoid, across the heavy term* 
inalfl T T at the end of the slide iron; using a larger current and 
working as before. The results will be of course only* compara¬ 
tive, bat if the shunt is firmly fixed, the readings will be quite 
sufficiently accurate for practical purposes. la the same way 
any two very low roaistencM can ho compared by putting the 
two in series with the instrument and then tnuisf erring the point 
contacts from one to the other. 


Siemens Low Resistance Bridge. 

Instructions for use,-—Connect up as shown in Fig. 21B, which 
is a symbolical representation of the bridge and its connections, 
the general view being shown in Fig. 216. 

In each of the arms of the branch box marked X, unplug equal 
resistances and also on the ^ side, the resist^aoes being chosen 
according to the magnitude of the resistance to be measured. 

The dido wire resistance is carefully calibrated and is com¬ 
pensated .for all changes of the air tempomtui-e eo that 0 to 100 
— 001 standard ohm, (At any time should the wire require 
denning, only clmmois leather should be used for the purpose.) 

The contact elido vices, etc., aro arranged for testing conduct¬ 
ivity, but any other resistance may bo tested on jointing it by 
four connection leads to Zl, Ly and Z2, Lz; L 1 and L 2 being 
the u current connections 11 and Ly and Lz the u potential connec¬ 
tions," it must bo remembered that any excessive resistance in 
the leads from the potential contacts to the branch box would 
increase the value of the branches and should 1* allowed for; 
they should therefore be os low os conveniently possible. The 
lottery used should bo one of foie internal raiztanoe; tho gal van* 
ameter serves to indicate that there is a current flowing in the 
circuit. 

Edistance Teat.—T)» left-hand vice, cte., being damped at 
zero, insert the specimen and clamp it at both ends; the length 
corresponding to the resistance measured will be given by the 
pointer on the meter scale, and is the distance between the two 
knife edges or “ potential contacts.” Alter the position of the 
sliding roller contact on the resistance wire until after closing 
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the battery circuit by meins of the key B, and then pressing 
key M, no motion of the galvanometer neodlo is observedthe 


o 

C*l 


position of the roller contact being then road off, wiU give the 
resietance on the Blide wire ($)» . 

Then the resist* tree of the specimen is A'-S. JL uhraa 
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Example.—If the two tens bo unplugged 
on the x Sulo and llio two thousand* on 
the sidu and 8 — 45*5, then* 

X = *-*; X T ;j ff x 0 01 - 0 0000455 
Stall (bird ohm.' 

Conductivity Test of Copper Wire —Fur 

dot on inning tlio conductivity of copper 
•wire, tbo wire where it will rcmio in con¬ 
tact with tlio vires and knife edges most 
ho cleaned from jdl otido, Thou inrnrt 
tlio end in Ibo left-hand vice and clamp 
it Tint right hand vire must now bo 
hot by ibo pointer opposite tiio tempera- 
Itiro of Iho specimen, as shown by tin* 
small si’iilo, which is graduated from 40‘ to 
75“ F. Tlio difilunco betwocm the kuifo 
edges when Uio point or is opposite 00“ F. 
is 810 00 ai.ni., and the scale is calculated 
no that tlie difference in Iniigth com* 
pens: i tea for the difference of resistance 
dim to temperature of tlio copper. 

lVorm! as before to measure ibo resist¬ 
ance (d ), taking note of the exact length 
in millimetres as diown by the metro scale. 
Then cut off by means of tlio knives and 
ascertain its weight in gramme*, and by 
simple proportion detenu mo tlie weight 
of 810 06 ni.ai. (IF). Tlie resistance of a 
pnro copper wire 816'06 mm. long weigh¬ 
ing 1 gramme is 0 1 standard ohm (S) CO* F. 


Then tbii conductivity per cent, of pure copper is 


Example— 
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Amsler's Planimeter. 

If any figure on pnpor is measured in the ordinary way with 
compass anti rule, tho figure is first divided into triangles the 
urea of which can bo calculated, and the sum of their areas will 
give the area of the figure. 

This method w;is shortened very much in T827 by Mr. Oppen- 
koffor, a Swiss engineer, who invented on instrument called the 
“Planimeter,’ 1 which measured tlio area of plait; surfaces by 
following the outlines of tbo figure with a pointed tracer, which, 
boing connected with a dial-plate, showed the nrcu of the figure. 
This instrument soon came into genenil use, although somewhat 
awkward and expensive. 
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Tn 1849 an improvomnnt was wade by Mr. \Velty, another 
Swiss engineer, which was still rather clumsy. No further 
improvement was made till 1854, when Mr. J. Ampler, Professor 
of ^ Mathematics at Scbnffhnusen, introduced the Planimeter 
which is now in use; the construction is simplo, the instrument 
can be carried about without fear of damage. Ono experiment 
showed that an area which after dividing it into triangles took 
nearly throe hours, was dona by Amslrr’s Planimeter in about 
two or three minutes. 

iNSTmKrrioys von woiijuno the Planixjeteti. 

(1) Before working with tho instrument, adjust the screw 
centres upon which the index roller D revolves, so that the roller 
works freely, and does not touch the vernier. The Barna care 
must aUo be token with tho centre pin C. It is good to grease 
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th© screw centres new and then, so that they work easily. Ctire 
should be taken to prevent the tube B, the tracer F, and the 
point £from being bent, and also to see tEi&t the barrel D is kept 
uninjured, 

(2) To find the area of any figure, set the roller D and the 
counting whto) 0 to xoro; the square rod A must be pushed 
into the tube B t and tho line on A marked 1 bc\. dem., or 0*1 eq. 
ft. etc., must come egen with the small line on the hovelled part 
of the tobe B; when (his Is done, place the instrument on the 
paper, and see that the roller />, the tracing point F> and the 
needle point £ touch the pi per. Press the point K slightly into 
tho piper, and pat the small German silver weight on tho hole 
over tho point E ; tho instrument i« then ready for work. 

(3) Take any point P on fchu outline of the figure about to bo 
measured, set tho tracing point F to llut point, and when it is 
marked, read off the index roller D and counting wheel (/. For 
example, suppose the counting wheel (I shows 2, the roller I) 91, 
and the vernier 5, the number will ho 291 '5. Follow the outline 
of tho iiguro with tho point F as accurately ns possible to the 
right, unit) yon come to tho sturtingqwuiit. Straight lines can 
be followed along a ruler; thou road oft' the mimboroon wheel 
and roller; say it is tho Bccond time 476*7. 

(4) 'When these two numbers aro obtained, there aro two cusps 

to he obscrx cd— »**, 

(1st) If the point F is ouUide the figure, subtract the first 
reading 291*5 from the second 47 6 *7, tho remainder is 185*2, 
which shows tlmt tho area con in ins 185'2 units. Of course the 
unite depend entirely on the regulation of tho bar A ; if they are 
01 sq. ft. wo have 185 2 x 0 1 ** 18 52 sq. font, m the area of 
the figure measured on the paper. 

Tlie rule therefore is, when the point K is outside, multiply the 
difference of the two readings by the number on the bar to the 
right of tho corresponding division. 

* (2nd) When the point E is injido the figure, before making 
tho subtraction, the number engraved on the top of bar A ,above 
the corresponding line of division, must be added to the second 
reading. In this ins ton ca, suppose the number on top of bar A 
is 20*965, the second reading is 4*767, the calculation would be 
fij under— 
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2nd reading ** 4 767 
Nuuilvr over 0*1 *q. ft. = 20 985 

25752 

Deduct 1st raiding - 2 915 
Ilnniunder 22‘837 

Tho urea is thrroforo 22 837 unil,* nr 22”837 x 01 .=• 2 ”2837 
squuro feet. It is nf no cmwqurnce whether llic roller i* muide 
or outside the figure, provided it is on the antic level. 

(5) In measuring largo figures, it may sometimes hapjxm that 
tho wheel (J goes through one or two or more cut ire involutions. 
If such in Dio ease, 10,000 or *2tl,U(H), vie , uiukL l>a added to tho 
difference of the two readings before multiplication. 

Thera is another form of plammeler which nieasm-PG surfaces 
in square inches} only \ it i* more simple than the other iu con- 
at ruction, »ud <niu bo worked willi the above diroc tit ms, always 
bearing in mind that the result i« shown on the counting wheels 
ill square inches and not as iu the other instrument in 01 square 
decimetres, or fH square feet, etc. 


Amsler’s Planimeter for ' Determining the 
Mean Pressure in an Indicator Diagram. 

By the use of Mi is instrument a great savin" of time is effected 
in calculating large numbers of indicator diagrams, aud the 
results obtained arc more aeon rate than by any oihur method. 

DjKiOCTIOXS ron USING THE PLANIXRTKT., 

The diagram is carefully pinned to a perfectly flat board. The 
points 00 of tho planimeter are adjusted so that the distance 
between them is equal to tbo length of the diagram projected on 
to the atmospheric line, Tho instrument is then plocod upon the 
hoard, the point b being brought into agreement with any fixed 
point of the diagram, while the weighted point c is placed imauy 
convenient position outside the diagram. The point i is then 
passed once round along Die lines of the diagram. The indication 
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on the wheel P *nd disc N, when tho point b him ngnin run dud 
the sbirtirig-pnint, divided by 40 gives the moan height of the 
diagram *n inches. Supposing, for instance, that the wheel /' 
was adjusted to stand At zero ix>foro using tho instnuucnt, and 
that, after tracing the diagram, the disc .S'—which advanrrs by 
one figure for every ten revolutions of the wheel P —stands 
between 1 ami 2, while tho wheel /* indicate* 21 - 2, a vernier being 
provided for reading the last figure, then the resulting mini her is 
12V2, and this divided by 4f> gives 3 03, which represents the 
mean height of tho diagram in inrlii^. JSrnv, supposing that the 
diagram wan taken hy means of a No. 7 ttiohnrd# iudiciitor 
Spring with A sralo of 32 lbs, to tho inch, then tho mean pressure 
amounts to 3 03 x 32 = i)(3'9t> lbs. per mpmue inch. 

In practice tho calculation is somewhat simplified, as tho 
springs used nre mostly of mirh scales that instead of dividing hy 
40 And multiplying by the vertical scale, tho menu prcuMii* may 
he obtained hy simply multiplying by a factor oorresjunuling lu 
tho scales nsrd. 

In order to srciite arcurolc results, the iind-rumcnt must be 
carefully leaned before being used, and the hoard must lie 
perfectly dab 

Thompjjki’s Indicator. 

The chief diditigu idling feature of this indicator insists in A 
novel piirulL-f motion which is preferable to the motion employed 
in tlie Hi chorda Indicator on account of its grantor hgbtncsa ami 
rigidity. Tho irregularities in the diagram due to the inertia of 
the moving pnrU are rpiisrtpTcully greatly reduced, and a figure 
is obtained which forms tho nearest possible approximation to tiio 
correct diagram. Tho parallel motion is carefully designed to 
ensure that the pencil point describes a straight line, anil that tho 
motion of tho pencil point is precisely proportional to the dis- 
ploccmont of tho indicator piston throughout tho stroke, 

Owing to its general efliciency, thin indicator is also particularly 
applicable for high speeds, And it has been successfully employed 
at a Apeerf of 400 revolutions per minute. 

The piston is rigidly connected with the pUton ml, which is 
guided in the cylinder cover, and in Ibis way a perfect guide u 
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bg ihe spring until the required tension is obtained, the nut 
being then again screwed home. 




ELECTRICAL KNQINKRRINq TESTING 


634 


Tame vm. 

' T,i«i of SruiMtin fob Thompson's Ibhicatoii.'". 


Hi A**, iS’u 


-sr) 

„ „ 1.1. (D \*i i,wl1 / 

[ & ale' l ib per M| inrh , 
cqiuiia .... Jm‘h 


0 

1 

a 

a 

t 

& 

h 

7 

9 

8 


IJ 

12 

-15 

-1ft 

-I'i 

-15 

-n* 

-Vi 

ift 

-Ui 

-Hi 

-15 

-1ft 

-15 

-15 

H 

li 

18 

:«» 

40 



Tj 

aft 

l'JO 

IftO 

190 

:w 

J 

? 

I 1 .! 

1 2 

A 

A 

* 

i 

n* 

j 

v J 

t 

16 

A 

A 

ft 

A 


Small Thompson Indicator. 

This indicator is specially aduplcd for indicating high-speed 
steam engines, g«s endues, etc., amt will giro correct diagrams 
ut nil ongino speeds occurring iu practice without the necessity of 
taking spirit!I precautions, and ha* iho further advantago of 
fcing veiy pmiahle. Jl. is, therefore, ominonlly tuitod to tho 
requirement* nf tho Migiueer or engineering atudnnt. The 
apparent disadvantage of n somewhat smaller diagram obtained 
from this indicator at slow speeds is more than eoinpqnsutod for 
hy increased accuracy. 
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The Silvertown Portable Testing Set. 

This is a KinriU collection of tho necessary iutmments for 
testing electrically such insulated conductors as tins uaed in tele¬ 
graph, telephone, or electric-light wort. 

The whole set is contained in two small won den boxes, of which 
one holds the baUerics mid tho jtberthe galvanometer, resistance 
coils, key, and commutators required for making the two most 
important measurements on such circuits. Those are measure- 
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ments of the resistance of the conductor, and the efficiency of the 
insulation. 

The ttittery consists of two pnrta: one—commonly called the 



bridge battery—ie a. eet of three I^cclaiirlid cells of low rrsi^ance 
intended to be used In testing conductor ret»i stances only, a pur* 
poao for which currents of electricity of sensible magnitude arc 
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required. The other part is a set of 36 small Ieclanche nils 
havipg a total electro-motive force of 55 volts, intended exclusively 
for measuring insulation resistances, or other resistancea„of con¬ 
siderable magnitude. Theso cells are designed to give only very 
small currents of electricity, nnd care should be taken not to 
connect them inadvertently to the Wheatstone Bridge or other¬ 
wise put them on a circuit of low resistance. This battery, called 



Fio, 221. 


the insulation battery, is subdivided into three sections of 3,15, 
and 39 cells, so that electro motive forces of about 5, 25, or 60 
volts can bo employed as may bo found convenient. 

For connecting the battery to the testing instruments con¬ 
venient leads are provided terminating in brass plugs with in¬ 
sulated handles for inserting in the proper plug-boles. The 
instruments shown in perspective in Fig. 221 are conneotad up 
together in their earn box in such a way as to aocure the greatest 
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portability and economy of spaco, and to enable the two testa to 
be taken with the gi-catost readiness. 

A pivi of this box showing the gonern! arrangement of all 
the connections, resistance coils, and galvanometer is seen in 
Fig. 22 2. 

The galvanometer consists of a coil of fine wire on a brass 
bobbin, in fcho centre of which a small magnetic noodle with on 
aluminium pointer is hung in the name way as is usual in com¬ 
passes. The pointer projects tlnough the opening in the end of 
the roil, and tlio excursions of the needle nro limited by the size 
of tlio opening to about 45* on each aide of the centre. On re¬ 
moving the glass cover tlio needle on its point may bo taken out 
by withdrawing the slide on which it is pivoted fj’om inside tlio 
coil. The scale, which is a scale of rqn.il current*, is approxim¬ 
ately a scale of tangents, nml is obtained empirically by calibrating 
the instrument. The north ond of tlio magnetic needle points 
to the left-hand sido of the box when it is swinging freely in its 
zero position. 

On the left-hand side of the box is placed tlio controlling 
magnet, and the position of this afreets the sensitiveness of tho 
galvanometer. Wlion tlio uorth polo of till! controlling magnet 
is uppermost, the galvanometer will bo most Ronsitive; on turning 
the magnet round, eo that tho south polo is uppermost, the de¬ 
flection of tho needle due to any given current will bo reduced 
by about 40 per cent. Generally in testing tho insulation of 
well-insulated wires, the galvanometer is required to bo us sensi¬ 
tive ar pseiblo, and tho north pole of tho controlling magnet 
should beat tho top; but for measuring conductor resislancos, 
for which the galvanometer is goporally amply sensitive, it will 
be found more convenient to bring the south pole uppermost, 
thereby causing the galvanometer noodle to osrillata more rapidly. 

Betides thus affecting the sensitiveness of the galvanometer, 
the magnet is also used to adjust tho needle to the zero in its 
position of rest by turning it slightly iii one direction or the 
other. 

Tho shunts shown to the right of the galvanometer are also 
for,the purpose of diminishing its sensibility by shunting definite 
known fractions of the main eurrerft post the galvanometer when 
the plug is inserted in the desired hole. 
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If at any time the galvanometer needle should become in* 
sensitive and sluggish, it may be due to quo of several causes, 
namely— 

(a) That tho needle has become demagnetized. This can be 
remedied by withdrawing and re-magnetising it with an ordinary 
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horse-shoe magnet, care being taken that this is done in tho same 
direction as before. 

(6) That some dirt has found its way into the jewel. This may 
he removed with a piece of soft wood cut to a line point. 

(a) That tho jowel or the needle point ia injured. In this case 
tho slide should lie removed and sent with the needle and pointer 
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to tho makers for repair. This will proUildy bare occurred 
either through the whole iind-niinenfc having received a blow 
when the I hi is open and the jewel resting on the needle point, 
or through t ho bn as spring in ilio lid of tho lm\ being bent go 
that it no longer presses on the lifter when lilt) lid is clusi'd, and 
tho needle has conwtjnenlly been rr»liug on the point whilo tho 
box lias boon earned about. 

Tile remainder uj tho lw>x enu-isU of tho two-way [dug switch 
on the left of the galvanometer, by means of wliieli either a known 
standard or unknown high re,«i,dnnee urn be separately inserted 
in series with the giilfaiinmetcr. 

Tho spring hipping key seen oil the left hand lower corner of 
tlio box is for dosing the galvanometer circuit when ordinary 
resistance otlior (ban that of insulation is being mr.i'-tired. 

Tlio two riicobr dials, marked thvsjuhI usnu, farm tho ad¬ 
justable resist mice onn of tlm Wheatstone JSridgo air.mj'iwiGiit, 
and consist of two rets of U owls each, totalling 9U ohms wlc-n 
both plugs are in the “U r * Judi-s, 0 when lmMi plug", nro in tho 
*' 0 1J holes, and in Unity when both plng< are out altogether. 

A doAbleset of prepoj tional toils or nd-(anee's raeli consisting 
of 10, IDO, and 1000 ohm* cods, compleles (ho bridge. Thcso 
are count'd cd to the mwof blorks seen at IIicImUou* uf Fig. 221?. 

The terminals shown are fur connecting tho battery and un¬ 
known ri'MslantT to. 


Evershed “Megger" and “Bridge-Megger” 
Testing Sets. 

The M Megger ’’ Insulation Set,—Tho general principle under- 
lying tlm construction, as well as the internal connections, of 
this fwt, will lw seen by a reference to Fig. 223, As seen, the 
insti-umcnt is a combination of n nwgneto-giun rulor on the right- 
hand side, with tlio uhmmeter portion on the left, in a somewhat 
upiipie form of magnetic eircull, common In both ami consisting 
of two pairs of field judos bracisl by strong lair magnet* XJS, NS, 
and forming two hi polar field magnets in ncrim. Ja the right- 
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hand one, and rotated by a folding handle and spur gearing Df 
is thp armatnro of tho generator with its brush gear J! t and 
terminal ham marked -f and —. In the left-hand fieli is the 
current coil A, pressure coil P, and compensating coil C of the 
ohmmeter, connected to resistances Q and R, a “ gunrd plate ” Q, 
and the only two external terminals L and E (marked Line and 
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Earth in Fig. 224), which shows the general view of thiaset ready 
for uso, with one end of tho carrying strap detached from its 
spring cleat, the scale lid lifted and driving handle unfolded 
ready for one. 

Tho arrangement and connections of the moving coil system 
of tho ohmmeter of this set are shown in Fig. 229, and that of 
the generator armature in Fig. 231, tho coils of which are 
numbered consecutively in order of their winding, No. 1 being 
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next to the core. The generator of this set may be either of the 
variable or conat&nt-prwBnro typo. 

The/ Bridge-Megger ” Teiting Set ii available for uso both 
as an insulation testing ect and as a specialized Wheatatono 



/ 





bridge. It differs from tho above set in outward appearance 
only by. the addition of two pairs uE terminals at the left hand 
end, and of two switches near the top right-hand corner, ai will 



Flo, 235. 


be aeon by Kg. 225, showing a plan photograph of the box 
containing the ohmmetor and generator. 

»One of the two switches is a Ratio Switch for varying the 
proportion of the two ratio arms, when the instrument is used as 
a Wheatstone bridge, so ns to make the nulcmwn resistance [X) 
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under test e ither ff/nnl to, or ,\,th, or x J ft fh of that of the standard 
resistance bo* H, Mills providing n w ide rango of measurement 
which canr bo :i^iu increased by niert'ty intwli ntfjiuy potions 
of the Rhuidard H Mid unknown resistances X relatively to the 
two pain of terminals at tin* end (as seen in Figs, 44 and 43), 
which gives the unknown (A‘) nnw in terms «£ ItX 10 (or X 100) 
According to the raliu employee]. 

Thu other, nr lirtbintif flnux^-uirr sieitrh, when Ml to “ UegyfiTy* 
prepares tho instrument for measuring largo metal lie resistance 



Tin 22rt. 

(r/t/« p, 118). though pi inti]idiy insulation iv-Lstanco, by coupling 
tho two windings of the const* nt-pressuro generator in aeries 
ami making the two front tcmiimii*, marked Lino and Ear lit, the 
only two avail aide for connection. 

When &H to “ llridrje” tho inurnment is converted for Wheat¬ 
stone bridge work-—the two vim lings of the generator being 
now coupled in pnruJJr] in older to increase the current obtain¬ 
able from it; the ohm Meter part Itfing clanged into a galva¬ 
nometer for tho bridge; ami this anus of the bridge being 
awifehed into their appropriate places in circuit and connect^! 
to the only available terminals (namely, tho two paire marked 
11 und X at the end) for use now on the instrument. 
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The variable standard direct-rending resistance box [I() for 
use in bridge measurements is si town in plan, Fig. 2'2C, nud U of 



the sliding-contact typo, operated by turning ebonite bandies. 
The figure appearing for each position of any liandlo is the resist¬ 
ance of that dial, and the total shown in ¥\g, 226 is 8,306 ohms. 
Tho complete internal connections of a M Uridge-Megger ” aet 
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with change-over switch set to “ Bridge ” are given in Fig. 227, 
whilp tlie connections forming tho usual bridge circuits are 
depicted In Fig. 228. 

Tho connections of tlie moving-coil systems are shown sepa¬ 
rately for tho “ Megger " set, Fig. 229—and M Bridge-Megger" 
set. Fig. 230—-while tho armature connections of tho generator 
are shown for these sots respoctivoiy in Figs. 291 and 222, 



The Constant Pressure Generator for tho “Bridge-Megger" 
set is shown in Fig. 233, tho permanent bur magnets JfS of Fig. 
223 being removed for clearness. 

The free-wheel attachment prevents the armature and gearing 
being damaged by any sudden stopping of tho folding handle, 
and permits the armature to ho driven in one direction only. 
Between the armature and gearing is interposed a centrifugal 
friotion clntoh comprising a drum driven by gearing, on which 
two arms, attached to the armature and fitted with pads at their 
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ends, aro urged by springs. When the driving handle is turned 
*bovu slipping speed, tho speed of tJio armature, and hence its 
&M.R,*is extremely constant—varying as little an l part in 1000. 

The Index Adjuster, fitted to tho latest constant pressure 
auts, cousists of a small piece of soft iron rod, muuuted parallel 
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to tho lino joining the centres of the field polos and close to the 
moving coil C, Fig. 223. It ia capable of being moved sideways in 
one direction or tho other (relatively to C) by means of a knob. 

The rod becoming magnetized iodactively by the polar field 
causes some of its field to pou through the coil V, and lienee, if 
tho nod hi moved, its field also rnovas slightly, which at the 
“infinity” position of the moving systems causes a alight defies 

N N 
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tion of tlie pointer ono way or the ottior, facilitating area rata 
adjustment to infinity. 

Tlio adjustment dom not affect tho law of tlio instrument^ 
which is altered only by the centie coil P. 

Standard Direct-Reading Electric Balance. 

Fig. 235 shows tho general appear nice (with glass cover 
removed), and Fig. 231 a part symbolical elevation of Lord 
Kelviu's centi-amjiero balance. 



Fro. 231. 


(1) The instrument is founded on the principle of action of the 
mutual forces, discovered by Ampere, between movable and 
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fixed portions of an oloctric circuit. Tbe shape chosen for the 
mutually influencing portions is circular, and each such part will 
bo called for brevity an ampere ling, whether it consists-of only 
quo turn or of any number of turns of tho conductor. 

(?) Tn this balance, each movable Ting, Ji and J¥, is actuated 
by two fixed rings, AC and A'C —all three approx boat sly 
horizontal. Thero are two such groups of three rings—two 
movable rings attached to tho two onds of. a horizontal balance 
arm pulled, one of them up and the other down, by a pair of 
fixed lings in its neighbourhood. Tho current is in opposite 
directions through the two movable rings to practically annul 
disturbance due to iiorziuntnl components of terrestrial or local 
magnetic force*. 

(.1) The luilaiicc arm i* supported by two trunnions, each hung 
by an elastic ligament of fine wire f through winch tho current 
pusses into and out of tlio circuit of tlio movable rings. 

(4) - Tho iLiid-rango position of each movable ring is in tho 
horizontal piano nearly midway between tho two fixed ring* 
which act on it. 

(5) Tho current goes in opposite directions through the two 
fixed rings, go tluib tlio movable ring i.s attracted by ouo of tho 
fixed rings and repelled by lho olher. Tho position of tho 
movable ring, oipu-dislaut from tho two fixed rings, is a position 
of minimum force, and the sighted portion, for tho sake of 
stability, is above it at one end uf the beam anil below it at tho 
other, in each case being nearer to tho repelling than to the 
attracting ring by such an amount as to givo about per cent, 
more than tlic minimum force. 

(6) Tho balancing is performed by means of a weight which 
slides on an approximately horizontul graduated arm attached to 
the balancu ‘ and thoro is a trough t, fixed on tho right-hand 
end of tho balance, into which a proper coimlerpoi^e weight W 
is placed, according to tho particular ouo of tho sliding weights 
in use at any time (sect. 9 below). For tho fine adjustment of 
tho zero a small metal flug is provided, as in an ordinary chemical 
balance. This flag is actuated by a fork having a handle below 
tbe case outside, as shown at tuo bottom of Fig. 235, To m£ J/« 
sere the left-hand weight is placod with its pointer at tho zero of 
the scale, and tho flag is turned to one rid© or tho other until it 
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ia found that, with no current going through the rings, the 
balance jests in its sigh tod position, 

(7) ft) fltfrtfure rt current the weight h slipped along the rcalo 
until the balance rests in its sighted position. Tlie strength of 
tbe current is then read oil approximately on the fixed roale (called 
the inspcctional scale), with aid of tiia finely divided scab for 
more minute arc 11 racy, atroi ding to tho exphniationa given in 
sect. 11 below. Kcudi number on tho insprctioual kcuJo is twice 
tho square root of tho eorroapohding number on tho Cue scale of 
equal division*. 

(B) The slipping of tho weight into its proper position is 
pel-formal by means of a self-relRising pcmlaut, banging from a 
hook carried by a sliding platform, which is pulled in the two 
directions by two silk threads puling through holes to tho out¬ 
side of tllC gl.tKS case. 

(9) Four iviira uf weight* (sliding nn<l con 11 1oiq>o] sl*), of which 

the or ft nd it* nwnteryoi'e constitute the finst pair, 

arc supplier! with tlio instrument. Those weights arc adjusted 
in tho ratios of 1:4:16 :64, so that each pair gives a round 
number of amperes, or kilfamprt-t*, or quoi-ler-ampercs, or of 
decimal sub divisions or multiples of these magnitudes of current, 
on the inspcctional scale. 

(10) The useful range of each instrument is from 1 to 100 of 
tho small t cun Cut for which its sensibility snifters. Tho range 
of this iiisti'nine lit is from 1 to 100 rnnti-amprres. The following 
table shows tho value per division of tho insjxxtional scale 
corresponding to each of the four pairs of weights— 



Oiiti«i*K>n 
l».r riivitiou. 

First pair o[ Weights. , 

. 0-25 

Second „ 

. fi'50 

Third „ 

. io 

Fourth „ . 

. 2d 


(11) The fixed inspectional scale shows, approximately enough 
for most purposes, tho strength of tho cuiTcut; the notches in 
the'top of tho pltuumium sculo show the precise position of tho 
woight corresponding to each of tho numb-red divisions on the 
fixed scale, -^bicli practically annuls error of parallax duo to the 
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position of tie eye, When tho pointer is not exactly below one 
of 'the .notches corresponding to integral divisions,- of the 
inepeclionnl scale, the proportion of the space on each aide to the 
space between tvro divisions may be estimated inspeotionally 
with accuracy enough for almost all practical purposes. Thus we 
may readily read off 34 2 or 34"7 by estimation with little 
chance of bring wiong by 1 in the decimal place, lint when 
tire utmost accuracy is required, the reading on the finu scale/ 
of equal divisions must bo taken, and the strength of current 
calculated by oid of tbe table of double square roots given at 
tho end of this book. Thus, for examplo, if the roading is 282, 
we find 34*16, or say 34*2, as the true scalo reading for strength 
of current; or, again, if the balancing position of tbe pointer 
be 301 on tlm fine scale, we find 34*70 as tho truo reading of the 
inspeetional scale. 

(12) The Conti ampere balance, with a thermometer to test the 
temperature of its ainjicro rings, anil with platinoid resistances 
up to 1600 ohms, serves to mensuro potentials of from 10 volts 
to 400 volts, and up to 2000 volts with specially constructed high 
resistances. 


Taiilk X. 

CoxsiAxr of tub Cekst-ampere Bai.ance wues used as a 
Yci.tukter. 


WsIgSit used. 

llttiistance ia 
circuital 

VolfipcrdlTMon 
or (1 \od wale. 

First Pair of Wu -tits 

400 

10 


MO 

20 


ijnn 

*•0 


1000 

4-0 


1 lockdllg JeabtuncC rtf Ue inntmnicpt, vbJoh b About «l otjps. 


If tbe second pair of weights is used, tho constants will be 
double of those noted above. 

(13) Instructions for the Adjustment of the Standard Balances, 
—The instrument should be levelled in accordance with the 
indications of tho attached spirit level, by means of tbe levelling 
screws on which the sole-plate of the instrument stands. 

(14) In this centi-ampure balance; the beam can be lifted off 
its supporting ligaments by turning a handle attached to a shaft 
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passing under the sole-plate of tho instrument. This shaft 
carries an eccentric, on the edge of which rents tho lower end of 
a vertical rod, which is fixed at its upper end to a tripod lifter, 
"When the instrument is to bo packed for carriage, or when it it 
to bo removed by hand from place to plan*, the lifter should be 
raised ; btifc when it Is fixed up for regular use, it is advisable to 
keep the beam always hanging on tho ligaments. 

(15) Tho carriage is filled with an index to point to the 
movable wale, and is intended to remain always on the rail 
One or other of the weights is to be placed on the carriage 
in such a "way that tlie small hole and slot in the weight pass 
over the conical pins. The weight® are moved by means of a 
slider, which slides on a nil fixed to tlie Koloptato of the 
instrument, and carries a pendant with a vortical arm intended 
to pass up threugl; tho rectangular rotms in tlie front of the 
weight and carriage. The slider and weight nru shown in position 
in the figures. Tlio slider is moved by silk cords, which pasa 
out at the ends of the glass Rise. When the cords aro not being 
pulled for shifting the weight, their euds should be loft free so 
that the*pomlant may hang clear of the weight. When a weight 
is to be plarod on or removed from the carriage, tho slider should 
be drawn forwai d at the top until it is clear of the weight, and 
then pushed to one aide until tho weight is adjusted, when It 
may be replaced in jnsitiou in a similar manner. 

(16) Cylindrical coontorjioiae weights with a cross-bar passed ■ 
through tltern are supplied for the purpose of balancing Lhe slid¬ 
ing weights when they are placed at the zero of the scale. The 
sliding weight should be pieced so that the index of the carriage 
points to the zero of the scale, and tho proper counterpoise 
weight should bo placed in the trough, fixod to the right-hand 
end of the beam, with its cross-bar passing through the hole in 
tho bottom of the trough. Tho flag which is attached to tho 
cross-trunnion of the beam should then be turned by moans of 
the handle projecting from under the sole-plato, until the index 
on the end of the movable scale points to the middle one of the 
five black lines on the fixed scale opposite to it. Card must be 
taken when making this adjustment that the fork which moves ike 
jtag it not Iqft in contact unth it, at Uiis would, impede the free 
twing qf the beam. The fork should ho turned back a little after 
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each adjustment of the flng, and, when the fhtg is being Adjusted, 
it is better to watch the flag itself, and raako successive small 
adjustmertU until the beam stands at zero, than to mako, buccos- 
eive trials by pushing round the handle while watching the 
position of the index. 

If tlie ligament has stretched since the instrument was stand¬ 
ardised, the index at one end of the movablo soalo will be found 
to be below the middlo line on its vertical scale, when tho index 
at tho other end is correctly pointing to tlie 2 ero position. Tho 
error so introduced would 1» a small one, but it may be easily 
put right by slightly loosening the screw* fixing the 'pillared 
frame, which supports the movublo beam, to the base plate, and 
raising it by slipping one or two thicknesses of itajier below it 
until the indices simultaneously point to their zero position. 

(17) A lens is supplied with each instrument for facilitating 
Accurate observation, either when rending die position of tlie 
weight or when adjusting tho zero. 

(18) The vibrations of the beaut may bo rheckal so as to 
facilitate reading by bringing tho pc i id-u it, which moves the 
weight, lightly into contact with it, in such a way as to givo a 
little friction without moving tho weights. 

(ID) In using tho centi-ampera balance as a voltmeter when 
great accuracy is required, rare must bo taken that the effect of 
change of temperature in changing the resistance of tho coils of 
the instrument, find of tho external real stance coils, is allowed 
for; and in this use of the instrument it is advisable'to employ 
our rents such as can be measured by tho lightest weight on the 
beam. When tho instrument is to be used us a voltmeter, four 
resistances are provided, three of which are each 400 ohms, and 
the fourth is less than 400 ohms by tho rcy stance of tho coils of 
the instrument at a certain specified temperature. Tno smallest 
resistance is intended to be included by itself in the circuit when 
the lowest potentials aro being measured, and in series with one 
or more of the others when tho potential is so high as to giro a 
stronger current than can be measured with the lightest weight 
on the beam. The correction for temperature is, for tho copper 
coils of the balance, about 0 38 per cent, per degree Centigrade, 
and for the platinoid resistances, about 0 024 per cent, per degree 
Centigrade, 
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Ants-Inductive Resistance for the Kelvin 
Standard Electric Balances. 

When n balance of tlio nlxwo typo, such as, for instances the 
ocnii-a ntjxrs or comjwsite iti si rum cm it, is to ho used as :i voltmeter, 
four rcshtrinres are juim-ided, thveo of which are each 400 ohms, 
and'the fourth is less than 400 ohms by the miktnnro of the 
coils of thu balance at a certain spwdfiud temporal lira. These 
resistances are doubly wound wj as to ho non-inductive, and are 
simde of platinoid wire, wound on suit aide frames w> ns to pre- 
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sent a maximum amount of cooling surface. The frames are 
enclosed in a box with apertures at the top lo allow of the warm 
Air getting out. Fig. M3G reproseuta such a box for uso with a 
Kelvin standard balance. The smallest reshtunro is intended to 
be included by itself in the circuit when the lowest potentials 
ore being measured, ami in series with one or moro of the others, 
when the potential is so high as to give a stronger current than 
can be measured with Iho Idghoat weight on the beam. The 
correction for temperature is, for these anti-in due Live platinoid 
resistances, about 0 021% per degree Ceutigraile. 
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each Adjustment of the flag, and, when the flag is being adjusted, 
it is better to watch the flag itself, and make successive small 
adjustments unt il the beam stands at zero, than to make, succes¬ 
sive trials by pushing round the handle while watching tlie 
position of the index. 

If the ligament lias stretched since the instrument was stand¬ 
ardized, the index at one end of the movable scale will be found 
to be below the middle line on its vertical scale, when the index 
at the other end is correctly pointing to the zero position. The 
em>r so introduced would he a small one, but it may be cosily 
put right by slightly loosening the screws fixing the pillared 
framo, which supports the movublo beam, to the base plate, and 
raising it by slipping one or two thicknesses of paper below it 
until the indices simultaneously point to their zero position, 

(17) A lens is supplied with each instrument for facilitating 
Accurate observation, either when reading the position of the 
weight or when adjusting tho zero. 

(18) The vibrations of the beam may ho checked so as to 
facilitate reading by bringing tho petulant, which moves the 
weight, lightly into contact with it, in such a way as to give a 
little friction without moving tho weights. 

(19) In using tho centi-awpeio balance os a voltmeter when 
great Accuracy is required, care must bo taken that tho offect of 
change of tcmpcinture in changing the resistance of tho coils of 
the instrument, and of the external resistance coils, is allowed 
for; and in this use of the instrument it is advisable to employ 
currents such as cau be metisured by tho lightest weight on tho 
beam. When tho instrument is to bo used as a voltmeter, four 
resistances are provided, three of which are each 400 ohms, and 
the fourth is Joss than 400 ohms by tho resist;nice of tho coils of 
the instrument at a certain specified temperature. Too smallest 
resistance is intended to be included by itaolf in the circuit when 
the lowest potentials oro being measured, and in eovio* with one 
or more of the others when the potential is so high as to give A 
stronger current than can bo measured with the lightest weight 
on tho beam. Tho correction for temperature is, for the copper 
coils of the balance, about 0 38 per cent per degree Centigrade, 
and for tho platinoid resistances, about 0*024 per cont, per degree 
Centigrade, 
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Cohstast 07 Composite Balasc* worm used as a Cesti- 
' AMPKUE lUl.AKCE. 

c "' w Tffi!SSuI l,Wo " 

Hlocljjs + KFF,.0'5 

„ + VV. .10 

„ + Kll", . . . . 20 

The volts on the terminals are calculated from the cnri'cnt in 
amperes mid tlin resists uce in ohms (including tho anti inductive 
retisLmee, if any) jo circuit. If V bo volts, C current, and R 
resistance, 

V=CR. 

The nntidnductive rwdstiinco U wranged «o that the instru¬ 
ment leads a round number of volt* jwr division. 


Tam Sf> 


Constant or fJoMrosnr Bajjinvk mini uhed as a Voltmktrr. 


W night Uhi’s!, 

filedgo + nr, 


>» 't 


RnlriiuvA YoU* ror Fh vl&Joo 

in Circuit.’ ul F itd a>*Je, 

200 . . 1 0 

400 . * 20 

800 a . 40 


1 Flu hi*]|ii|; Ilia t« >. -l nu*e of UbO mskumut, whirh w jiliuut, 2 0 ul■ m 


If the second pair of weights (Sledgo+ bo itsod tbo con¬ 
stants will bo double of those noted above. 

(5) To use the instrument ns a hektn ampere meter tho switch 
is tamed to “ Watt” and tho Illicit wire coila inserted in the 
current circuit in such a way that the right-hand cml of the 
beam is replied up. Hither the sledge alone or tbo weight 
marked IHTisto bo used in tins case, A measured current ia 
thou passed through tho suspended coils, ami the constants given 
in tho certificate for the balance used in this way are calculated 
on the assumption that this cuiTent is, as there stated, 0*25 
ampere, but any other current which is convenient in the eir- 
cmustancca may be used. The current through the suspended 
coils may he measured by means of the instrument itself arranged 
for the measurement of volts. This may bo done by first me** 
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auring the currant which the difference of potential between tlie 
supply conductors of (in electrical installation, or between the 
poles o$ a battery, causes to flow through the coiis of the instru¬ 
ment and its external rcaislance, and then turning the switch to 
" Watt," and at the some titno introducing a resistance into the 
eircuit equol to tho resistance of the fiscal mile- 


Constant op Composite Balance when used as a Hekto- 
AMi'KEtE Balance. 


Woijjkt UirOtL 

sitaigo + mr v 
„ + trw v 
„ -I- IKd'* 


.Aui]X*rci» iicf Divuucm 
ot SluvnUe Sculo . 1 

. 0*250 

* 0-500 

luoo 


1 WtUt 0 cuiii* K> UtrtMi^t uiuwblo oil*. 


N.B.—The constants vary iuvorsely (if* the current threwgb the 
fine wire coil a. 

(0) To uso tho instrument as a Wattmeter, otic terminal of the 
fine wivq coils is joined tu one end of tho nnti-induelive roeist- 
anco aud the other terminal to one of tho leads; the other ond 
of tho refUBtanco being joined to tli€ other lend. flic thick wire 
coils are inserted in the main circuit a* described in hoct, 0 above. 
With tlio instrument thus joined up, tho current through tho 
suspended coils nail the KM, K between the leads may be obtained 
by the operations described in sect. 4 above, since the presence of 
tho thick wire coil in the circuit causes no appreciable error: 
or tho RM-K may bo tukon from tho electrostatic voltmeter 
u«od on tho circuit, mul from its indications the current in tho 
suspended coil circuit calculated. Tho watt* are then to bo 
calculated fi-om the E.M.R on tho lesuls and tho current through 
the thick wire coils by the formula 

rr= YC=cCR t 

whore e is the current in tho suspended coil circuit, C the current 
in tbe thick wire coils, and Jl the resistance in the circuit. 

The weights sent out with the instrument are orrntigod to give 
a round number of Watts per division of tho scale with a known 
anti-inductive resistance iu series with the Hno wire movable 
coils, 
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Tauijs XII. 

OosaiAirr' o» CoKPOsmi Balaeck week used as a Wa+phter. 


Wright mad. 

IUrls-sice In dnnlt 
with Horabla Coils, 1 

Witt# Kr IXTill01 
pf MoTibte Bull. 
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. 400 . 

. 1004) 

II 

»» 

. 80C . 

. 200'0 

1 li eluting real stance of movilila coils, which U about 12 ulrnis, 


Adjustable Magneto-static Current Meter, 

(1) The magnetostatic current meter (Fig. 238) consists essen- 
tinlly of a small steel magnet or system of magnets suspended in 
the centre of a uniform field of force due to two coils, each loving 
ono or more turns of coniiei ribbon or wire, and also under the 
directive influence of two systems of powerful steel magnets. 

(2) The suspended system of magnets is attached to one end ef 
a vertical shaft passing down renlrally through an opening in the 
sole-plate of the instrument from an indicating needle, which is 
supported by a jewelled cap resting upon an indium point. 

(3) Tho two systems of directivo magnate are rivculnr in form, 
and each ring is eomjjoscd of two semicircular magnets placed in 
a brass cylindrical frame with their similar poles together. Each 
system is securely fixed to a circular brass frame, which fits on to 
the cylindrical case of the instrument In each a manner that tho 
systems are capable of being turned round, together or separately, 
as explained below. 

(4) The instrument has a 11 tangent scale,” which is adjusted 
in its position before the instrument is sent out, so that the needle 
indicates equal differences of readings for equal differences of 
current. The scale consists of a hundred divisions, and for most 
purposes it is convenient to set the field magnets in such a position 
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that the needle points to 0, and to use the scale from that point 
upwards towards 100, Sometimes, however, it may ho found 
convenient to measure currents, whose direction is being occasion¬ 
ally reversed, without being at the trouble of reversing the 
electrodes in the contact clip; in that case the zero should be set 
to the division SO at the rniddlo of the scale, ami readings taken 
on each side of it. It must be ri?] numbered that when tho point 
taken as zero is changed, the by which tho indications 

of tho instrument have to bo multiplied to give tho current in 
Rmperes, is changed in proportion to the cosine of tho nnglo 
between the zero point and Llic middle of the scale; and as this 



angle is CO*, tho con*tartf with the zero at 50 on tho smlo is 
eiactly double tho conitmti with the zero ot d on the scale. 

(5) The instrument is provided with a “ lifter," which serves to 
raise the needle off tho iridium point when it is being moved 
about from place to places. This lifter is in tho form of a ring 
placed below the needle, anil may be raised or lowered by turning 
the handle attached to an occontric passing through the side of tho 
Instrument on a level with the scale. It also serves as a checker, 
by bringing it lightly into contact with the pointer, bo as to atop 
its vibrations. 

(6) The instrument has an advantage, important for some 
practical purposes, of being available as an accurate direct-reading 
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current meter, through a continuous range of from 1 to 100 limes 
its.smallest current, which mny be anything from half a milli- 
amporo to 4 amps., according to the number of turns in the coils 
supplied with tho instrument. It is not, however, mailable as an 
Alternate current instrument, and it must bo icnicinberod that 
the magnetism of the sfccl directing magnet docs not remain 
nhsnltttdy constant. With good quality of steel, a proper pl- 0 * 
Jiluiimry agnwj of tlic magnet (l»y heating it several times in 
boiling water and cooliug it again, and subjecting it lo somewhat 
varied rough usage) brings it ton com] it ion in which it* magnetism 
is found to remain exceedingly lira ily constant month after month 
and year after your, ytill, it should never bo relied upon as 
dbaolatrfy constant, and for accurate Laliorstoiy work it is thero- 
fore necessary to occasionally Btamhinli/e it, 

(7) Another ad vantage which tho instrument Ins is that, when 
a standard iustruuieut is available, its constant is capable of being 
varied to nuy desired value down to one-tenth of that which it has 
with its directive magnets in their strongest position. Thus if 
tho constant should \te 3 amps, pen* division of tho scalo, with tho 
similar jmjIcs of tho magnets coinciding, it may bo adjusted to any 
value down to 0 3 nmp. per division. 

(6) Instructions for Use of the Magnetostatic Current 
Meters. —Tim instrument should bo levelled, iu accordance 
with the attached spirit-level, by means of tho levelling 
screws. 

(9) To tf& Pointer lo Zero—(a) Lootan the two lower 

ttiillcd-httided screws clamping the magnet frame, and turn the 
frame round till the pointer stands at zero, (b) lice lump the 
fiume by tightening the two screws. 

(10) Adjustment qftlie Scab*—Tho scale, as stated above (sect. 
4), is firmly clumped in its place before bending the instrument 
Out, and this position is marked by two lines on tlio ot&ide of the 
cose, one horizontal and the other vertical, just below tho 0 of 
tho scale. The horizontal line is engraved below the movable 
top of the instrument, and tho vertical one on 1 lie side of the case, 
Should tho top of tho instrument have been inadvertently moved, 
and the scale thus put out of adj jstment, it may bo sot right by 
slightly loosening tho two slotted screws and turning the top 
round till the extremities of tho two linos coincide, 
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(11) If tbs needle should by accident be slightly beat, 1 and so 
render a new adjustment of the scale necessary, this may readily be 
made in J*he following manner :—Set the zero, by the field magnets, 
to the division 50 at the middle of the scale, then join the instru¬ 
ment in series with another current instrument of convenient 
form, Mid p&»B a current through both sufficient to give a deflec¬ 
tion of about 40 divisions on the magneto-static instrument; 
reverse the current t oa tho magneto-static instrument only, and- 
«et the scale eo that equal deflections, read in divisions, are given 
on each side of the aero for equal currents, as indicated on the 
auxiliary instrument. The zoro must, of course, be reset by the 
magnate every time the scale is moved. When the scale has been 
adjusted to this position, firmly clamp the tup of the instrument 
by the two slotted screws, and again mark the portion of the 
horizontal line on the outside of the case. 

(12) Adjustment of Constant .—The constant may be quickly 
varied as follows :—Join I ho instrument In series with any reliable 
current instrument of known accuracy, such us the derUauipeic 
balance, and pass a convenient current thru ugh both inslrumouta, 
observing»tbo reading*. Hi-oak the current, loosen the two upper 
pain of millvd-lieadcd screws, and turn the top system of magnets 
relatively to the lower, so that the similar poles of the two 
systems are brought closer together or moved further apart, 
according as it 10 desired to make the instrument respectively le*a 
or more sensitive. Itoclaiup the sere we and adjust the zero as 
described in' sect. 10. Again make the current, and note the 
reading on the two instruments. The desired reading ou the 
magneto-static may be obtained quickly after one or two approxi¬ 
mations, care being always taken to readjust the sere aflor eveb 
movement of the top magnets. 

(IS) When convenient it is always best to standardize the 
instrument in the place where it is to be used \ but when it is 
intended to move it from place to place, it should be standardized 
in such a position, that when the needle is pointing to zero it is in 
A direction approximately east; end weak 

1 Jf it to beat so largely 11 to be perceptible to the eye, it ought to bo 
ttraightened by haSil &a nearly u may be. 


00 
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Electrostatic Voltmeters. 

These voltmeters have the great advantage o! being available 
as aenumte mexsuiei^ of potential on direct and alternating 
system*, and, being electrostatic, they use no current, and conse¬ 
quently require no totnpemturo correction. They jure therefore 
free from tho causes of error so prevalent ip instruments of the 
electro-magnetic type, whoso accuracy is impaired by variations 
of temperttture, and which when used ou altoi'iiating systems are 
affected by errors duo to solf-indaction rmigiug with the period 
of alternation. 

The ins tin montu are made on the principle of an :i1r condenser, 
having one of its pu l* movable about an axis, .so as to increase 
or di mini ah the capacity. The condenser is enclosed in a metal 
case, for the double purpose of pin Ceding tin; movable part from 
air currents, and fiom tho disturbing 1 1 illumin' of any tdcdlifiid 
body, other than Iho fixed portion, differing from it in jntcnliftl. 
In these im-tnmiriil s, the Jiju-d pm titHis rmi'bil of two set* of 
quad ran l-ahaped tells in mcLiliit: tsmiiOclion with cxu-h\>th©r, and 
formed by a number of parallel lira's plates. These cells are 
fixed by an insulating support to the caso of the in^tvuinrnt, ami 
n terminal pistes from them to :tu insulated binding arrow on 
tbo outside of (ho case. 

The movable portion in all the iiistrumruts is in metallic con¬ 
nection with Ihn surrounding case. In the multicellular volt¬ 
meters this connection is made thin ugh the rim landing wire. 
The movable poition carries the pointer, which indicates by direct 
readings the difference of potential between the two parts of the 
con denser. 

The action of fclio instrument, shortly stated, is as follow*:— 
When the fixed and movable plates are connected respectively to 
two points of an electric circuit, between which there exists a 
difference of potential, the movable plate tends to mov© so as to 
augment tho electrostatic opacity of tho instrument, and the 
magnitude of the force concerned in any cos© is proportional to 
tho square of the difference of potential by which it is produced. 
In the multicellular voltmeters this force of attraction ia balanced 
by the torsion of the suspending wire. 
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The Kelvin Multicellular Electrostatic 
.* Voltmeter. 

The arrangement of tho parte of this instrument is shown in 
Figs, 239, 240, and 241, These figure* apply to an early form of the 



if 


Fin 

voltmeter, and differ in two matters of detail from the voltmeter 
re now made. For simplicity in mnnufocturo the cells nre now 
made with straight backs, and the plates looked at in plan are, 
therefore, triangular instead of square, as shown in Fig. 241, A 
coach-spring lute now been interposed between the suspending 
wire and the spindle carrying the vanes, a* explained below. 
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' The insulated cl-IIs are formed of triangular brass plates fixed 
into saw cuts in a brass back piece so ns to bo equal distances 
apart nnd accurately parallel to each other. Two seta rf those 
cells C are fixed relatively to each other, as shown in Fig. 240, by 
a vulcanite support to the sole-plate, so that their platea are 



horizontal, and are completely enclosed within the brass cylin¬ 
drical case of the instrument. 

On the top of this cylinder is a shallow horizontal circular 
scale-box containing the scale of the instrument, and having a 
glass cover, which serves to protect from ouriVnta of air the 
movable indicator i, nnd the scale and interior parts from dust. 
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For the movable park a number of vanes, V, similar in form to' 
those of, the quadrant electrometer are lined. These vanea arc 
planed parallel to each other on a spindle with distant pieces 
between them. The top end of this spindle passes through a 
small hole in the sole-plnto of the instrument, which forms the 
bottom of the scale-box, and is attached to a small conch-spring, 
which in turn is socured to one end of a Cue indio-platlnum wire 
suspended from a tension head at the top of a vertical brass tube. 



The torsion head may be turned by moans of a forked hey pro¬ 
vided for the purpose, aod is damped, to pm lent it from accidental 
displacement, by a cap which screws on to tho end of the tube. 
The coaoh-spring has sufficient resilience to allow the spindle to 
touch a guard stop, and so saves the suspension from injury in 
event of the instrument being roughly net down. 

•Two vertical biass repelling platen, which also act as guard 
plates to prevent the movable part from turning beyond its 
preecribed limits, are fixed to the Imttom of the sole plate. These 
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two plates cany a guide plate, G, with a circular opening in it, 
through winch the lower end of the spindle passes. A little brass 
disc, or head, D, is attached to tho end of .the spindlo, sufficiently 
large to prevent its passing bach through the hole in the guide 
plat.. Thus the movable part is effectually secured from swinging 
about so sb to he injured, and by no possibility can it come into 
contact with the insulated quadrants. When the instrument is 
lovel the spindle bangs free by the suspending wire, so that, the 
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vanes am horizontal, and each is in a plane exactly midway 
between those of two contiguous condenser plates. 

An aluminium needle attached to the top of the spindle indicates, 
on the horizontal circular scale fixed to the tipjier side of the sole- 
plate, the difference of potential between the movable and fixed 
portions of the condenser by direct readings in volts. 

EiyjmfrTOom Patirm AlvltiecUular .—Tho destyiption of the 
instrument given above refers to the horizontal scale or laboratory 
pattern. In the new engine-room pattern (Fig. 242 a and 4), the 
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parte are in every way similar, but the instrument has a vertical 
scale, A vane attached to the spindle turns in mi oil dash-pot 
and gives the instrument a dead-beat action. 

Portability .—A small thumb-screw is placed in the centra of 
the base plate below the instrument, which can be screwed in so 
as to lift the weight of the tcpiudle ami vanes from the eit speeding 
wire and clamp the rti*c on the end of the spindle against the 
guide plate, A lifter or checker is also provided similar to 
thaf iwert in tho magneto stuti a instrument. 

A switch is attached to the insulated terminal of the instrument 
by which the voltmeter can be taken out of ciicuit u hen dasired. 
The switch, after breaking circuit, puts the case and the in¬ 
sulated colls in metallic connection. 


iNfimutnionB pun tkk Ugb np *thk Mui/ncem<uj,aIi Klri trostatio 
VoninnKu. 

When received from the maker the Indicator needle with 
attached vanes will ho found imported by incaus uf tho thumb- 
florew below tho instrument, and also hv Iho circular lifter, 
or checker, turned up so that tho weight of tho needle and vanes 
is taken oil the kus pending wire. 

Tho scale is graduated to read directly in volts, 

To set iU intiruuH'td up far us$.— (») Unsnow tho thumb¬ 
screw, end turn down the checker, so that the iirnllu swings 
clear] (6) level tho instrument bo that the spindle of tho vanes 
passes down centrally thiough the itileruection of the two black 
wnss-lines on the sole-plate. 

To adjust the zero, if uoc&twey. —Unscrew the cap on tho top of 
the tube, remove the washer, turn tho torsion head by means of 
tho forked key until the pointer stands at 0 on the scale. Replace 
tho washer and screw on the cap again. Before adjusting the 
aero turn the switch so that tho insulated cells are in metallic 
connection with the case. 

Arrangement for portability .—When tho instrument is to be re¬ 
moved from place to place, see that the needle is lifted by turning 
np the checker, and when it is packed for use as a portable in¬ 
strument, always screw up the thumb-screw ah mentioned above. 

As aluminium is electropositive to brass, the instrument reads 



888' EhEOTMCAL XmiXEBRINO TESTING 

about } of fi volt tno low when the positive pole of a battery or 
dynamo i« attached to the upper or insulated terminal of- tbs 
ioetrumelit; and about J volt too high if connected, in the 
opposite direction. With alternating currents it is coiiect. 
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Crompton D’Arsonval Galvanometer. 

A convenient form of sensitive galvanometer, designed for 
laboratory ubo, with a Jurge range of adjustment, and made by 



Wossra, Crompton and Co,, Chelmsford, is shown in Fig. 2J3, and 
the detail* of construction in Fig*, 2-14 and 2-15, 

The moving part of the instrument in shown in Fig. 249. A 
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circular coil of wiro bangs by a hi ill fir suspension between the 
poles of ,a permanent magnet, an iron core being fired in the 
centre. Tha suspension ligament* aro of very tbin copper atri|>a, 
ami aro connected to tho coil by means of a silver clip, which 
all'ws the coil to bo easily disconnected. 



Fie. H45. 

Tie mirror is hung from the coil by fine aluminium hook* 
passing through holes pierced In the mirror, so that this is easily 
detached, and is not distorted by the sotting of cement or the 
pressure of a clip. 



ELECTRICAL ENGINEERING TESTING 


671 


Fig* 345 shows the coda traction of the bififar suspension head. 
The ligtyneots are attached to two pins aa tired in t< disc, by 
turning which the teusious gf the two may bo made equal. 
They pass over two pine 86 placed on another disc, by turn¬ 
ing which the disUrce between the ligaments may be ad¬ 
justed, and the sensitiveness of the instrument increased or 
dimini&hod. 

The whole head if* wised or lowered by turning tbs rail led edge 
C, and is rotated slowly by turning the worm spin die d. 

Tho two pillars by which tho cover f is socurod serve ae tbo 
terminals of the instrument. 

Coils are made lulling different iiumW* of turns From 100 
upward*, and the sensitiveness of the instrument when adjusted 
to give a complete [levied of oscillation of from eight to ton 
second* is nearly as follows— 
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The coils can ho fitted with small closed rings of copper, which 
damp (heir movement* to any desired degree. 

Without‘those tho coils aro for practical purposes perfectly 
ballistic. 

An electric lamp used without a lens ia the most convenient 
tight for the above galvanometer, the Jilaiuont being focussed on 
tbs screen by tho mirror. This latter is Lirge (25 m.m. diameter) 
and ground to a radius of one metre. 


Sensitive Portable Galvanometer. 

.When a Whoatstone Bridge has to he used for outdrie work, 
other than in 'a test-room or 1 about lory, or when fairly delicate 
tests have to be made on the “ lino,” a portable type of galvano¬ 
meter or detector which is eve sensitive as possible must be 
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available. One of the best forme of such an instrument fa illus- 
trittn! in Fig. 24B. It consists of a fairly flat-shaped coil of 
fine insulated wire, having t resist, 
anco usually of between 1000 and 
2000 ohms, placed on its side in a 
brass contain rase provided with a 
glass top and gins* window in the 
ride just opposite the scale. A 
magnetic needle, to which a long 
light pointer is attached, is pivoted 
between jewelled hearings in the 
middle of a flat rectangular brass 
tube which is capable of being 
slipped inside the similarly shaped 

aperture in the roil of wire. 

The pointer*protrudes outside one end of the coil and moves 
over a rail able (•rale, port of which is seen io the left of Fig. 
210. A ettip of minor is let in under the scale and shows 
through an aperture in it, thus enabling errors due to paiwllax 
to bo avoided. A needle clamper, actuated by a button on the 
edge of the case, enablos the needle to be clamped during 
transport and damage to the pivoting thus avoided. 

When no current flows the magnetic exes of coil and needle 
me perpendicular, wlion the jointer is at 0 at the middle of the 
scale. Then the olTcet of a current is to cause the needle to set 
'itself parallel to the axis of the coil, so giving a deflection to one 
aide or the other of seen. This form of instrument is a very 
sensitive one and very suitable for portable work with a Wheat¬ 
stone Bridge. 



I’m 2t(!. 


Parr’s Direct-Reading Dynamometer 
Measuring Instruments. 

These instruments di[w'nd for their action on the mutuat force 
of repulsion between two circuits or coils carrying either the 
Game or different currents, one nrenit being fixed and the other 
movable. The instruments, which have been devised and per¬ 
fected by the author, possess Borne very important properties 
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that it may be well to nolo bare. They contain no iron what¬ 
ever and very few metal parts, consequently they measure 
either tfie true watts, voltt, nr amperes, aa the case may be, in 
any alternating current circuit, and are quite independent of the 
periodicity of the circuit. They are of the switchboard type, 
direct-reading, and have extiumcly open scales, extending over 
^ptha of tbe circular dial. 



l'w. 24?. 


Fig. 1147 shows an ammeter for 84 amperes, Ihi scale gradu 
ations commencing at 3 arups. anil continuing nearly uniformly 
to the end. Fig. ‘248 shows an internal view of this same 
7-inch ammeter. As seen it consists of two fired coils and two 
moving coils, carried at the end of a horizontal arm capable of 
rotating on a vertical spindle pivoted in jewelled centres. This 
spindle has rigidly attached to it a horizontal arm. to the end of 
which is fixed p. flexible metallic strip that passes almost once 
round a special pulley carried by a horizontal spindle moving in 
jewelled oentres and carrying the pointer at the front end, a 
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hairspring, and balance-arm for the pointer. Tlie moving coils 
anil pointer are controlled by the bail-spring, the tension of 
which can be adjusted by a moving arm. Oaxrant is' Jet into 
and out of tbo moving coils through noirspillable mercury cups, 
A damping vane and trough is added, also unspilkble, by means 
of which tile instruments ore made dead beat to any desired 



FlO- 24 K. 


extent. The moving coiln are clumped by a suitable arrange¬ 
ment during transport and seen to the right of Fig. 248. The 
moving coils ore in contact with their respective fixed coils 
when the pointer is at 0 and no current flows. Repulsion 
ensues when a current is cent through the instrument, and 
according to whether it is an ammeter, voltmeter, or Wattmeter, 
so the pointer deflects and indicates directly the' quantity to be 
measured. The instruments of course read equally accurately 



ISLEOTRWAL RNQTNJSRRINQ TESTING 


S7« 

dd direct-current eirciiitu, and having such very wide, open and 
uniform ecalre, a 6-inrb instrument can he read with certainly 
many jpirds away. 

Siemens Torsional Voltmeter. 

This instrument may ho used cither as an ammeter for rerv 
small currents or as a voltmeter with a very extended range, 



Flo. MS. 

end provides a good example of the method of converting one 
into the other. 

It consist* of two coils, wound with fine insulated wire, and of 
elongated oval Section, with their axes collinoar and horizontal. 
They are connected in series and wound so that the north pole 
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of one faces the couth polo of the other, i «. the two coil* may 
ho regarded ae one coil with n gap in the oentre. 

Between the coils is placed & horse shoo or bell .magnet 
suspended by a silk Ulna. A spiral spring is attoohed to the 
magnet anil to a torsion head at the top of the case, ao that by 
turning tho head, a twist is applied to the raagnot, proportional, 
of coarse, to the aoglo of turning of tho torsion head. To the 
magnet is attached a pointer, for the zero ppsition of which the 
magnetic axes of coils and magnet are at right angles. 

The miguct also corrioe on aluminium rone, moving between 
two brass clieoks which act as stops, tho vane assisting in 
stopping the vibrations. 

On passing a current through tho coils so as to induce the 
polarity indicated by the small letters ns, ns (Fig. 260), which 
represents s Symbolical sectional plan of the coils C and needle NS 
in a horizontal plane passing through their centres, the magnet 
-VS tends to turn comtfv-docfaoue in the direction of the 
arrow, 60 that its mil gnu tic axis would coincide with that of 
hs, ns. Thou the angle through which the torsion head has 
to be turned (in a dockwiM direction) in order to bring the 
magnet pointer buck to zero mpuMiies the moment of the couple 
exerted by the coils on tho magnet, t. s. the current flowing 
through those coils. 

The ceils C together have a resistance of 100 ohms in the 
instrument illustrated, and it is wound with such a number of 
turns that when 1‘7 volts are placed acres* the terminals of the 
instrument itn-lf, the torsion head makes one completo turn 
or 170 divisions to bring the magnet pointer back to zero, 
lienee 1 scale division-0-01 volt. To make it read O'l and 1 
volt per division, 900 and 9900 
ohms respectively must be put 
in series with tbe instrument, 
when the extremities of tho com¬ 
bination will now form the volt¬ 
meter terminals. These extra 
anti-inductive resistances are con¬ 
tained in the receptacle to the 
left in Fig. 249, which is provided with a plug top for inserting 
then resistances at pleasure. They should be wound with a 
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material haviug a high specific resistance and low fanperuture 
coefficient qf variation of resistance for raisons already given. 

This, Instrument can he used as a low-reading mnmeter, for 
since 1 division = 0*01 volt and the whole resistance of its coils 
«=10Q olims, .1 division■= 0 0001 ampere. 

Adjustment of voltmeter,:—If the magnet has been dumped 
for transport^ release il by turning fcho millcd-headed rod which 
passea through the edge of the base at the hock. 

Very carefully level the instmmotit by turning the levelling 
screw* so that the pointed pin, attached to the in iving magnet, 
is just over tho cross marked on the fixed stud under it. Tbe 
moving system should now he quite free, at all events Literally, 
Boa therefore that this is the case. 

The height of the moving mngnot can Ihj adjusted 1o give 
freedom of motion, by carefully turning the mill oil-headed pin 
which passes into the torsion head at the top of the instrument. 
Set the tension bond with its pointer to zero, and thou bring tho 
magi job pointer to its zero by turning the woodeu base which 
carries tho coils. Fix the instrument in this position by turning 
the millgd-hcoded pin which projects from under the baso. In 
using the instrument thus adjusted to measure cuttc'Dl) place it 
directly uciDsa the low misLaunoo provided, and to measure 
higher voltages connect it in series with the scjwxrato anti- 
indactive resistance provided with it, when tho cxlremiticft of the 
' combination will then be tho terminals of the voltmeter. 

Caution.—Make quite sure that tho correct resistance is 
plugged in, otherwise tho instrument may lie fused up. The 
plug may be used as a make and break key. Being a + and — 
instrument, it must be mnncc-tud up in liiviiit that the magnet 
pointer tends to move in the opposite direction to th.it of the 
torsion head 


Siemens Electro-Dynamometer. 

This instrument depends on the electrodynamical notion of one 
circuit which carries a current on another circuit carrying either 
the same or a different current, and is illustrated in Fig. -ill. It 
oonsiats of a base supported on three levelling screws and carrying 

PP 
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tho other t n live top of the moving coil, which w Urns controlled 
by the turning of the head. Electrical connection hi made with 
the muring coil through two m«miry cups into which its ends 
dip and which are directly in a lino, under the point of sufqieziAion. 
A milled-headed pin or rod, carried by a light Mipport, been at the 
back of the sculo, pnssee through the hollow torsion head, and has 
attached to it the silk thread that misponda the movable coil and 
which passes down through the torsion head. Hence, hy turning 
th«? rod round the awing coil can bo raised ra lowered so as to 
clear tho oilier fixed fittings. The moving coil, which may consist 
of more than one turn, can bo raised and clamped during transport 
by n apring damp (not seen in Fjg. 251) at tlin back, oontrdled 
by a milled nut. The instrument requires to be carefully levelled 
Ijefoi'c using tocnanre perfect freedom witli (ho moving cod. Tho 
level ling stoiiws and spirit-level arc aclded for tliin purpose, though 
romo limes a. phi mb lino is nsed in place of the latter. The fixed 
and moving ends arc in simple suziexj ono cud of each of the fixed 
roils goes W tho outride terminals, the other ends both to tho top 
mercury cup and the. lower cup to the centre or common terminal, 
Thus thorn are two Bonsibilitres, vix. tho moving coil jn series with 
oithor fixed one, arrurding to whether the centre and loft or centre 
and right j«ir of terminals are in uso. Wince at the actual 
moment of measuring a current by the dynamometer, tho fixed 
and movable coils ;m> always in the sumo position (t, e. their axeB 
perpendicular) relatively tu one another, due lo the index pointer 
on tho moving coil alwajs bring brought buck to ttiro by turning 
tho torsion hood, the couple or force, w hut her of Attrjiotiou or 
repulsion, oxcrUd by one coil on tho other in Ft* x C t <£ C?j X Cj 
v where C l and 6$ am the Currents in the two coils which are 
equal or the same, tint this foroo i** ]ust bnlnm’ud by the force 
of torsion exerted by the spring x angle of torsion or the deflection 
I) of the torsion Load. Ilonce, D ec (fl, 

or C—KnfD amperes, 

where K is the constant for the particular fixed coil used which 
gives an equatibn of equality. 

Tins is the law of tin Siemens eketr<niynanvwiettr . 

Some of these instruments have scales divided into numbers 
ot to the square roots of the usual divisions, and in such iaseH the 
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current C—K x sails reading simply. In using these instruments 
care most be taken to either twist the " leading in and out ” leads 
together, or mn them very close so that the swing coil may not be 
affected by the current in these leads. 

Ir calibrating or using the instrument with direct currents, it 
mast he so placed that the plane of the suspended coil when in 
its zero position is perpendicular to the piano of the magnetic 
meridian of the earth. The reason for this is, that when the swiug 
coil carries a direct current it is acted on by the earth's magnetism 
independently of the action dne to tho current in the fixed coil, 
and tho position of rest for tliB first canse is when the planes of 
the magnetic meridian anil swing coil are at right angles, For 
alternating currents there is no such action. 


Siemens Dynamometer-Wattmeter. 

Except for the swing or movable roil, this instrument is 
precisely similar to the preceding dyuainometor. It is illustrated 
in Fig. 2hf!, which indicates two or three alterations to tho general 
form of the Wattmeter, which the author has thought it bene¬ 
ficial to make. The one illustrated is provided with two thick 
fixed coils, as in the dynamometer, Fig. 261, connected directly to 
the three largo terminals in the middle, so tint two distinct 
sensibilities can be obtained instead of usually only one. 

The swing coil now consists of many turns of Hue insulated 
wire wound on a light rectangular frame of ebonite or boxwood. 
Only a few of the turns ars wound inductively, the rest being 
doubly wound and therefore non-induetivo. The total resistance 
of the swing coil ib, however, that due to the sum of all the tnrne, 
which may amount to 6000 ohms or more. Current is lad into 
and oat of the swing coil through thicker wires soldered to the 
fine wire and which dip into the two mercury cups. These last- 
named are directly connected to a separate pair of small terminals 
seen on the extreme rightand left, having no electrical connection 
whatever with the thick coilx 

The scale is provided with a mirror for the purpose of avoiding 
errors due to parallax in reading the position of the torsion head 
pointer. The mirror glass covers the scale, but a circular atrip of 
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same instrument, the deflection of the now iiifcliumflllt so formed 
measures the power in Watte absorbed by any circuit. Though 
the Wattmeter is of no great use in diioct current work, nines we 
usually require both the Amperes and volte separately and am 
always multiply thorn and so obtain the power when desired, the 
instrument is of incalculable valuu in alternate current work, since, 
if nearly non-inductive, it is tbs boat known mama of obtaining 
tho true purer in such a circuit, the products mup 3. x volte not 
giving this quantity. 

The same precaution* aro neci'SSjry in using tho Wattmeter as 
in the dynamometer, and in addition errors wuyariso through the 
warming up of tho swing coil uud couser^uerit alteration of ite 
resistance, ns in the esuso of deelro-maguctie voltmeters, This 
error that may be introduced by Lbo eurLb's field is explained 
on p. 680. 


Change-over Switch. 

Fig, 253 represents ft foun of switch suitable for large .eurinhts 
and which can Ijo used in ono or other of four ways as follows— 

(1) As a single-way, single-pole switch hy connecting to tho 
centre and either of bice end teimiuals on tho same side, 

(2) As a single-way, double-pole switch ]>y connocting tho centre 
and an end leiminnl on the same eido in one main, while the other 
centre and corresponding terminal at the same end ia 'put in the 
other mail]. 

(3) Ae ft two-way double-pole switch by connecting tho common 
circuit to the two centres and each branch circuit to the iiuir of 
terminals at one end. 

(4) As a reversing switch by connecting the circuit or portion 
to bo reversed to the centre piir and the main current to the 
pair at either end, cross connecting the corner terminals at the 
euda by temporary wires. 

The figure shows the construction fairly clearly, and it consists 
of two metal blades carried by smaller extensions at their lower 
extremities and capable of turning about a horizontal axis in the 
upright stall daids which form part of the base carrying the middle 
terminals aud inner wedge blocks. Four- similar wedge blocks 
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(two ab each end) are csirried by metal buses on which tho four 
end terminals are fixed. When tho blade levers are lig (na wen), 
tho metal parte, electrically connected to the hi* terminals, are 
insulated from each other, as the lever blades aro also insulated 
from each other, their upper extremities being Jixcd by on insulator 
cross-piece to which the IcuuDe is fixed. When the blades are 
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pushed down one aide or tho other into their respective pairH of 
wedge contact blocks they short circuit (hew, thus joining tho 
centre and end terminals on ono aide together, and likewise those 
on the other side* 


Keys. 

A form of key, which, though not very portable, is extremely 
useful in a test room, is shown in Fig, -51, and is otherwi^ known 
as a PohTs commutator. It corsets of n wnodon, though prefer- 
ably polished ebonite, base M, containing 6 small pure-copper 
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the circuit to bo rcvorso! to tho other pair T l and 1\ or 
rice xxrei. 

(4) A« a 2-way key by joining otic main to any one lenuiua], 
e. 'j. 1\ anil tlio hr ouches to T\ and 7 1 ,. 


A Highly Insulated 2-Way Spring Tapping 
Key 

is shown in Fig. and ronriets of a well-polished olx>nito lint* 
H, supporting at one outl a well-polished ebonite standard *S, to 
which is fixed two Vhmab contact terminal blocks ^ 

Let into and ruvriod by tho top of tho Btamlai t] *S T is an 
ebonite 1 oil Ji\ which at its other end supports an ebonite 



block E. To K is fixed two springy brass strip lovers L { L v 
electrically ooont'cled together and to the common terminal T at 
that end. 

Tho free ends of the spring strips are provided with rather long 
ebonite knolw K v K 2 for the fingor of the operator to tap. 

In the use of t his key, if the high-potential wire is connected to 
tlio common terminal 1\ the path of any laikago lies from. T 
across E, then along It and dow n S to tho base E, and thence to 
earth, This being long gives the key a lugh-iiumktion resistance, 
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and to still further increase this, all the ebonite parte should 1* 
well polybed and quite dean and fieo from dust. 

It wijf be noticed, tliat since therein n lever to each tw uj t it 
would be possible to press both at onco. Unless otherwise directed 
this must be absolutely avoided, as Reriou* damage may be done in 
consequence. 

Fig .257 shows, in plan, a convenient form of 2-way gliding switch. 

It oonuiste of a woo'lpn or ebonite base B> to which is fixed three 
ternIiDids T t 7J and T r Tho two latter, 2\ and T v make pcrmrmeiil 
contact with the contact Hacks h x h,, rrjqurtivelv', while T acts also 
as a cent re for tin: contact lever L 
to turn on. The knob K in mindly 
for tlio purjxjee of conveniently turn¬ 
ing the lever L, 

In the position shown in the 
Figure, there is no connection be¬ 
tween 2 T and either 2\ or ? it but by 
turning £ so as to rest on or 6^ 
ttien connect ion is m rule between T 
and T j or between T and T* ru^wetr 
ively. 

It will be noticed that only one „ 
contact can be made at one and the sarua time. This is an 
advantage in some cam?*, where tli*' simultaneous making of 
both ways might oauto au accident. 



Arc Lamp Photometer Cradle. 

In the photometrical toting of electric an? lamps it is 
nocesbary to be able to have the means of measuring the candle- 
power of the arc in several directions, making various angles with 
the horizontal line passing through it. In some cases this is demo 
by raising or lowering the lamp vertical! j r , the beam from it 
being reflected along the bench by a fixed plane minor suitably 
placed, but capable of rotating on an axis. 

The author hog devised the cradle shown in Fig. 2.58, in which 
the lamp to bo tested is placed. The lower part is a rigid frame' 
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work which w placed on the photometer bench and carries an 
upper frame capable of moving round a hollow tubular horizontal 
axil, wfcfeh latter is itself capable of moving in the fixed frame and 
has attached to it a pointer, seen 
in Fig. 268, just above the two 
large terminals. In this upper 
frame is placed Ibo arc lamp, 
which can therefor^ he inclined Yi 
at tfny angle to the vertical, as 
read off by the pointer on its 
scale. 

The carbons of the lamp aro 
first adjusted so as to touch at 
a point in tho axis of rotation, 
ae aeon through tho tubular axis, 

Thus the arc in turning as the cradle is turned, cdtvayH main¬ 
tains the same position relatively to tho photometer beucli, nud 
the author h w found that next to no difficulty in the i iguktiou 
of the arc by its auto-mochani.sm occurs up to 50" or G0° from 
the yertvpl. Aftor Huh the carbons have to be pu l ly lcgukluii 
by hand. 
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, Direct-Reading Bar Photometer. 

This ford, due to Mr. Trot,tor, has a direct-reading scale on its 
honk which shoves without calculation the ratio between the 
standard and lamp under test whoa tho eight-box seen in the 
middle of the bonk (Fig. 299) is moved so as to obtain on equal 
illumination of the screens. The general arrangement is ver y 
suitable for making rapid tests on electric glow lamps, as slight 
variations of E.MJF. affect both tamps equally and do not cause 
appreciable errors. Fig. 260 shows a sectional plan of the eight- 
box SB, in which A A are the aperturee at the sidca to admit the 
beams of light from the two lamps £,£, to he compared. SB are 
two screen^ the illuminations of which ore compared. One of 
tbqee pod tains a ftar-ebaped holo for the purpose of enabling the 
further screen W be seen through the funnel or window B, through 
which the observer looks, 
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Illumination Photometer. 

Tliis is a portable direct-rending instrument devised by Mr. 
A. i*. Ti otter, by which the illumination at any spot in a street 
or building can be at once measured in terms 
of the illumination given by on amyl-acetate 
standard of light. Urn'* being found ipore 
reliable mid less troublesome than ordinary 
standards of light A general view of the 
instrument is shown in Fig, 2Cl>an<i a sec¬ 
tional devutien in Fig. 262. 

Instructions for TJ^n. 

Remove tho end cap with lbe mirror M 
on it l>y the buyormt joint; remove the 
cover from the lamp and light it, then re¬ 
place tho end nap. Thu llama can now 
rm 261. Rl * ftn * n the mirror. Tho lop of the flame 
siiouhl just touch the point of the bent arm. 
The flanm is raised or loweieu by screwing the lampholder in or 
out by itei lower end, Jly unscrewing tho holder completely it 
ran he drawn out for refilling. 

Having adjusted the flaiuc to tho right height the cap on tlio 
top is removed and the photometer is set so that tho paper screen 
S i» horizontal. 

The general illumination to bo measured falls on this screen J&. 
Across the centre of it is a final I slit T through which an inside 
screen R illuminated by the standard lamp can be seen. The 
observer^ eye must be vertically over the hole in the screen. 
The iusido screen R is then adjusted by the outside arm P. 
When the illumination of the outside screen S is greater than 
that of the inside, the slit T will appear dark; when leub the Blit 
will appear bright. With a little practice the slit con be mode 
to nearly, if not quite, vanish; the illumination is then shown 
on the scale F by Hie pointer P. The unit used ia the illumina¬ 
tion due to one standard candle at one foot; that is, if a balance 
is obtained when the pointer is at H 1," the illumination ia equal 
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to that of 1 stand ird civndlo at I ft, ctitflancc, if at ''2* the 
illumination i a twice this, and if at 11 one-tenth of that winch 
would given by a standard camllu a foot away, 

Tlie inside screen ft has n slight bine tint which to a gmit 
extent remove* the colour difficulty, 

A slightly yellow upper screen in provided for measuring with 
very blue lights. 

Be careful the oyo is vertically over the slit, Holding ono 



finger near tlie eye and tatweon it and tlui hole will make it 
easier to get the vertical line. 

13» careful to stand no that the body is not between lira screon 
and any source of light* 

The slit must be square across the instrument. 

£jee that tba height of lb© flame is right brforo and after each 
reading; the flntoe sometimes incnwuoa a little, uapwially just 
after being lighted. 
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The flame is not affected by a gentle breeze, and on windy 
nights the instrument can easily be shielded by a piece of card¬ 
board or brown paper. 

Only pure amyl acetate must be used', and the wick must be 
out square across without ragged points. 

Keep the cap on over the screen when not in use, and do not 
let the screen get dirty. 

There is a small pin at the centre of the pivot of the arm: 
when the instrument stands so that its shadow thrown byany 
lamp falls on the scale, it gives the cosine of the anglo oi 
incidence, having which the actual C.P. can bo calculatod. The 
height of thn lamp is equal to the distance from the post when 
the sliadow falls at 46*. 


Photometer Screens. 

OF these there are many different types, all of oourso effecting 
the same purpose, namely, that of enaliliug equality of ilhuninn 
tion due to two different sources of light to he visibly determined 
and hence their relative intensities. Fig. 1163 shows a form el 
Jhinson screen arranged insidoa “sight-box” seen with its top oi 
lid open to enable the inside to be 6oen. It consist* of two diset 
of plain paper having ita centre portion greased in the form ol 
a star. These discs are seen one near each end of the “ sight 
box,” which is dull black insido and prevents stray light due ti 
external or internal reflection from getting to the llunsen stft) 
discs or screens. Two vertical plane mirrors are placed as shown 
symmetrically with regmal to tin discs, and each at 46* to th< 
back of the box. - 

The images of the two discs can be seen in the two mirron 
through two rectangular open windows in the box shown in f ron' 
of Fig. 263, and thus the intensities of their illuminations can b< 
compared by the eye. It should be noticed that the aight-bcu 
illustrated in Fig. 263 cannot give true results, since the ratio 0 
the Bqnores of the distances from the light sources to the stai 
discs and again to the centre of the box are not the came. JThi 
box is given, however, to indicate this fact and to act as i 
warning to user* of it. Another form of this screen it showi 
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resting on the top of tho "sight-box,* ilhibkutod in Fig. 264. 
Hero there is but one disc with a pb.no mirror on either side of 
it, making equal angles with it, and enabling an imago of each 
sido of the screen to bo Been without looking direutly at the disc 
itself. 

The lower part of Fig. 2(i! illustrates a form of balancing 
Bcreen duo to Jolly, and consisting of two rectangular blocks of 
clear paraffin wax, fomented together but separated by a film of 
silver joptr so as to prevent direct truss lubaion of light right 



through tho two blocks. Tlioy are placed in si do a eight-box to 
prevent stray light getting to thorn, kenco tho two blocks will 
appoar equally bright when the two sources of light to be com- 
perod, placed on either sido of tho sight-box, illuminate them 
equally, 

One of tho best photometer screens is that duo to Messrs. 
Lmnmer and Brodimn, and is shown symbolically in Fig. 265. In 
this typo the light from tlie two sources to be compared falls on a 
screen SS t ilaving equally light surfaces. The rays arc then 
* Q Q 
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reflected by two similar pLmo mirrors and m, to two prisma 
P l and (* 1 , of which P 7 ie the ordinary farm, while P x has & 
curved*aurface ono (vide which touchca P t 
The reflected rays from fiij ore able to pass through the com- 
biiifttion to the eye placed at E, while those from t» 2 are deviated 
to E also. Thus the screen SE when imji tally illuminated both 
aides cannot bo mm at E. 


“ Methven Screen " Photometric Standard 
of Light. 

When used with ju*t an ordinary amount of caro this standard 
of light in ono of tho most couvcuiont and accurate, roijtiiriiig 
no elaborate preparation, an in the cos© of some other standards, 
before being nsnl, A .standard two-sdot “ Methven screen,” together 
with a carburetter, in shown in Fig. 2H6. The former consists of 
a vortical lu';tsa plain or screen, bent round at right angles at the 
bottom, nfed to tho under side of which is fixed a tubular metal 
foot which fits into tho hollow standard supporting llio whole 
screen. 

To tho uppor side of llus angle-piece i» fixed a Lendoti Argaud 
Jniiner provided with a stettito cone and a cylindrical glass 
funnel. Two pairs of brass bars aro screwed into the screen at 
respectively and 3* above the top of the burner. The screen 
has * hole at its centre across which slides a silver plate 
containing two rectangular windows, the size of which are 
determined by the height of the flatno and tho C.P. of the light 
emitted from them. Tide in the Methven screen, shown in 
Kg. 266, is 2 C.P. either when tho mean height of the peaks of 
the flame are on a level -with the two top bare and tho long 
narrow slot in use with ordinary coal-gas, or with the flame on a 
level with the two lower bare, the short broad slot and the coal* 
gas carburet ted. The carburettor is shown on the loft of 
266, and is merely a metal reservoir containing pentane 
liqfdd, which is # highly volatile, the vapour mixing freely with 
the ooal-gufl and enriching it as this latter is made to pose 
through the^reoeptacle by manipulating tho throe stop taps seen 
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oq the branch tubes. For a more detailed description of the 
Methvon screen, see Slingo and lfroukcr’fl Electrical E/vjintsnap. 



Far: 

Tt should be noticed that tl.o position of the screen is rathrr 
misleading, arising from the fact that it is shown turned round 
out of ita normal position to sliow move clearly the huriKT, etc. 


Adjustable Carbon Rheostat. 

An eitroroely useful form nf continuously adjustable rheostat, 
suitable for large currents as Troll as small onus, is illustrated in 
Mg, 267, this particular one being capable of cai-rjing about 
25 am pres continuously or 30 to 40 amperes for short periods 
of seme minutes* duration. 

It consists of a row of sq.iaro Oat plates nf hard gas-retort 
carbon, resting on a fairly broad ledge of slate or some other 
suitable insulating material screwed to au iron bar underneutb 
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it which is fixed to the ends of tho framework of tho rheostat. 
Those ends are also fixed to tio rods at the aides, to t|ie top of 
each of^which is screwed an ovor-lapping strip of vulcanized fibro 
to guide tbo plates, and at the sumo time not to short-circuit 
them. The row of carbon plates are terminated hy thick cast- 
iron plates, extended at the top ood currying tbo terminals 
shown. The left-hand terminal plate is insulated from that end 
by a plate of vulcanized tibro, while tho row of plates is com* 
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pressed Again at this by a screw working against the right-hand 
end, Iu case at any time the right-hand terminal plate is 
removed and inserted in some intermediate position in the row, 
an extra oast-iron plate the same size os the rnrlwns is provided 
this end to guard against the friction of the carl oils should the 
screw press on them by mistake. One valuable advantage of this 
rheostat is that, being non-inductive, it can be used with alter¬ 
nating current* in case* where many other forms of rheostats 
could not be. The resistance varies from a minimum when the 
plates are tightly oomprwsed, to a maximum when they are loose. 
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Incandescent Lamp-Box Resistance. 


In funny teats on alternating current applinucos, outh os trons- 
fotniftrs, alternators, etc,, ditlienities arise in obtaining a non- 
inductive resistance in which to takB up the output of the appli¬ 
ance, for, as is trull known, the product of the volts and amperes 
only represents the actual or true power in Watts absorbed, pro¬ 
viding the load-absorbing rhtoitaU are truly non-inductiv6. 



Fio 

Tills cod be obtained with specially wound rbeostfttS made of 
ordinary iron wire or other special alloy. A water rheostat i*, 
however, simpler, though not perhaps so convenient to manipulate, 
while Fig. 208 illustrates a still more convenient form of noa- 
indnetive (to alt practical purposes) rheostat, which the author 
has designed for his own purposes, and one that is fairly portable 
with care. The particular one shown consists iff a containing 
eaio and box, with an internal partition which supports earns 60 
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or 70 glow lamps, composed of 8,16 and 32 O.P. lamps, capable 
of absorbing some T or 8 E.II.P. All the woodwork the lamp 
aide tbe partition is covered with a double layer of asbestos 
doth, and the front of tbe box is protected only by a grating to 
allow of free circulation of cold and hot air. Each lamp is con¬ 
nected to its own pair of mercury cups in a special switch-board, 
seen on tl» top of tbe box towards the back, by means of wiiich 
tbe lamp can at once bo connected aU in jHtrailel, all iit Jones, or 
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in any otber intermediate combination, to anit requirements. 
The side opposite the grating hinges down, giving freo aecess to 
the lamp-holders and connections to the mercury switch-board. 
This lamp-box resistance requires caro in carrying about, as tbe 
mercury tends to come out of tbe two long slots if tbe box is 
much tilted. It is, however, extremely convenient, and when 
the lamp are used in parallel in alternating current work, their 
effective self-induction is extremely small, so that when absorb¬ 
ing tbe load from the secondary aide of a transformer (say), tbe 
amps. X voltes will be tbe true power absorbed, i. A developed by 
the transformer. 
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Adjustable Rheostat 

Fig. iJliU fcliowa a convenient «ire>voiuii] iheoKtat, Cfipfthlo of 
Stop by step variations between 0 and the maximum resistance, 
which is about 40 ohms, rind of currying continuously 6 or 7 
amperes. It is a form of rheostat eminently suitable for 
regulating the shunt circuit of oither a dynamo or motor of that 
type. As will bo scon with reference to the figure, it connate 
of a box or ciuro containing the coils (not seen), and which is 
fitted with a top carrying tho mnltiplo way lever switch of the 
form shown. Tho circular row of htuda Keen in tlio upper purl 
of Fig. 209 are connected to the coils inside in such a way 
that the right-hand end Mock gives tho full rehistauce of all the 
coils in serii* hetumi the terminals at the top, whon the lever 
is on this block. The rheostat, being intended to bo ufcod in a 
vertical position, has a wire grating at the top and bottom in 
order to obtain a cooling rii dilution of cold air through tho in¬ 
terior. The coils inside are strung between insulators, so that 
even if they do gut very hot, tho inside of tho box wilt not bo 
much harmed. 


Continuously Variable Rheostat 

This rheostat is of the same type and make as tliufc illustrated 
and described relative to Fig. ‘271 .consequently a further descrip¬ 
tion is unnecessary. By winding the rheostat with, say, the same 
gauge in a higher specific resistance material than platinoid, such 
as eureka, manganin, or rcostene, it is easy to obtain a resistance 
which can be varied perfectly continuously from something like 
SO or 40 ohms down to 0, and that will carry a maximum 
current of about 4 or 0 amperes. This in a test-room or 
laboratory is extremely useful, enabling vory fine adjustments of 
resistonco, and consequently of current or pressure, to be obtained 
when desired. 

The reader is referred to the description of the same make Of 
rheostat shown in Fig. 271. 
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, Improved Rheostat. 

• « 

The objocfc of the rheostat, invented over forty years ago by 
Wheatstone, is to provido an electrio resiattuice which can be 
varied continuously. 





Fid. m 

Tbo instrument, shown in Pig. 271 is an improved form {due 
to.lord Kelvin) of Wheatstone's rheostat, in which the wire is 
guided from 01 I 6 cylinder to tho other by a fork carried along 
through the requisite range by a nut travelling on a long screw- 
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shaft. This Bcrew-shuit catrios a toothed wheel which turns the 
two cylinders by moans of toothed wheels attached to their shafts, 
A watch-spring, as in Jolin’e improvement of Wheatstone’s 
rhoostat, keeps the wire always tightened to the proper degree. 
A leather buffer at each end of the range of the not nets as a 
guard'against overwinding in either direction. 

In a high resistance rheostat the conducting cylinder and 
the wire are both of platinoid, a motnllio alloy having properties 
which make it specially suitable for the purpose. It has very high 
electric resistance, very smalt temperature variation of resistance, 
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and its surface remains almost or altogether untamisliod in the 
sir. On account of the last-named property the contact between 
the wire and the conducting cylinder, and continuity in action, 
which was a great difficulty in the old form of apparatus, is very 
complete. 

In a low resistance rheostat the conducting cylinder in this 
instrument is made of brass, nickel-plated so as to avoid tarnish¬ 
ing, and the wire used is copper, also nickel-plated. The rheostat 
can be supplied to carry currents as high as 30 amperes. The 
relation between material resistance and current for these 
rheostats is os follows, vw.— 
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Continuously Variable Rheostat. 

Fig. 272 illustrates another a lightly different form of Kelvin's 
improvement on tho original Wheatstone rheostat. The ootnol 



Flo-272. 


construction is the same ae that doseribed in the two preceding. 
Figs. 270 snd 271, except that the one here shown is intended 
fop finer and lighter work, as seen from the smallness of the 
parte and gauge of wire employed. The second cylinder is just 
behind the one shown in the figures Fairly fine wire is ueed, snd 
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the rheostat so wound may have a resistance of about 100 ohms 
as -a maximum, capable of carrying one or two amperes. Like 
the “ Wirt ” form of resistance, described in Pnjrficai' JEltc- 
tri:al Testing by tho author, it forms a most useful type of 
resistance for small work, such as calibrating low resistance 
voltmeters, enabling a series of different rcadingB to be taken 
without actually altering the number of cells in the E.M.F. 
used. 

Tho reader should refer to the description of tlio principle of 
ibis form of rheostat which is given relative to Fig. 271. 


Fixed Standard Low Resistances. 

There are many different forms of Llioso depending to a great 
extent on tho value of the resistance, and also on the particular 
make. Fig. 27-1 shows a set of five different forms of standard 
low resistances made by lilcssrs. Crompton and Co., and 
primarily intended for use with the potentiometers in rein by 
them also. Tho resislanros can, of course, ho used for npy other 
purpose than this which requires a standard resistance of occur, 
atrly known taluu, caps hie of carrying large currents without 
sensible healing or alteration, 

The one shown standing on rnd at I he top is u( a slightly 
different form to the rest, being of tlio tubular water-cooled 
type. 

These resistances consist of a sheet or strip of tncla], or a coil 
of wire, earh provided with four terminals, two for connection to 
the circuit and two for connection to the potential lends. 

The smaller resistances take the form of a coil or spiral fixed 
in a mahogany frame, and also of flat strips either bent or 
straight, the largest site—300 amporos and over are of sheet or 
water cooled type. 

They are constructed of manganin, an alloy which has been 
thoroughly tested, and which has the great advantage that within 
ordinary limits of accuracy (say one part in 1000) no tempera¬ 
ture correction whatever is necessary: but for measurements 
with the potentiometer requiting an accuracy exceeding this, a 
curve, giving the temperature value for the whole range of 
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currant that the instrument is capable of currying, is supplied 
with each resistance. 
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t Such a eurvo, together with other forms of adjustable and 
fixed standard'i of low resistance, arc given in the author’s 
Work entitled Practical Electrical Vesting. 
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Stand Coil Rheostat 

A most convenient form of current rheostat of a portable 
nature, at all events one that can be moved comfortably about 
any testing-room, is illustrated in Fig 274. It ooosUts of an 
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iron frame or eland, of ae light a construction ns possible, in 
order to be light, between the top and bottom of which are 
stretched bare wire spirals of either iron or some high-resistance 
alloy. These coils are spaced sufficiently far apart to prevent 
them easily touching should the rheostat receive it slight knock, 
and are all connected in series, their junctions being connected 
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to ft multiple way switch aeon on the top. Thia latter consists of 
several studs or blocks arranged in a circular form and having 
their Upper surfaces turned up in tho Jatho m m to Vo quite 
level A suitable spring lover pi voted in the centre of the ring 
of blocks is capable at turning almost ouoo round between 
two stops and of making contact with each block as it passes 
over it. 

One of the two*terminals of this stand coil rheostat (soon on 
the top) is ponnected to the lever centre, and the oilier to onoond 
of the series of coils. Thus the resistance between the tf-rmiuala 
can be varied from nothing (t. e. short circuit) to tbo maximum 
by as many stops as there are contact blocks oh tlio switch. A 
great mistake, which is usually roado by rbiuMat makers, is to use 
the same gauge of wire throughout the rhouhlif, for clearly the 
gauge should mc-rcu^c as wo begin to cut out, since the current is 
thereby incronsed also. Tho above rheostat, made to the aNtlor 1 a 
designs, contains about four or five gauges of wire. 


Three-Phase Liquid Rheostat. 

For thrcL'-phvG alternating current work there a id two dis¬ 
tinctive forms of rheostats needed, differing merely in the 
t terminal arrangement- One form may bn termed &** thr<rugh ,t 
rheostat, which would ho required for regulating the current 
supplied by a generator to, say, a motor j tho othor form may be 
termod a “ doted " rheostat, which would bo required for absorb¬ 
ing tho Ittvd from a generator. 

In all forma tho rheostat must operate equally on a-ich of tho 
leads of a three-phase system, otherwise the luilouce and sym¬ 
metry of tho currents will )» thrown out and will cause con¬ 
siderable trouble. Three-phase rheostats may be either metallic 
or liquid in nature, but iu any case the moving contacts must 
move simultaneously by equal amounts when manipulating the 
rheostat as ft whole. Fig. 275 shows s three-phase liquid rheostat 
designed by the author, and which will negotiate current* up to 
about 30—40 amps. It can be employed either as a " through ” 
or “closed " rheostat, and consist* of three exactly similar flat 
semicircular-shaped iron troughs or bores placed side by aide in 
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alignment on a wood on baa® board, but not in contact with one 
another. Each is secured to the base board through its flat 
metal toot, carrying a terminal which therefore makes elictrieal 
connection with the box as a whole. 

These terminals are clearly seen in Fig 37:1. Each box has a 
semimrcnlar-shapcd iron plate, carried by a brass spindle, which 
passes through bearings of insulating material let into the 
opposite aides of oach box. The cuds of eAch spindlo terminate 
just outsido the box in enlarged metal bosses, the successive 
adjoining pairs being direct coupled mechanically through coup 
lings of insulating material, but ate discontinuous electrically, 
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Tin's compound shaft or spindle is rotated with tbo plates by 
means of a worm and wonn-wlieol gearing. Seen to the right- 
liand end of Fig. 27.1. 

Three other terminals (not seen in the figure) at the back of 
the rheoBtat make electrical connection to each soctiun of tlia 
spindle, end therefore to each plate through spring strips rubbing 
on tlie proper bosses as the spindle is tarred. 

A solution of washing soda and water of tho rams density is 
used in each trough, and must not, of course, reach up so high 
as to make contact with the .pinches Thus when none of the 
terminals are cress-connected, the rheostat Iwcomee a u through 
type,” but when the three at ono side are all joined together, wa 
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bare a closed rheostat, suitable for absorbing the load from a 
generator connected to the remaining threu terminals. 

It should be remembered that as web of the three sections of 
this water rheostat must operate equally on turning the Bbrtft, 
the level of liquid muBt be the mime in ouch trough in addition 
to it being of the same density. 


• Magnetic Curve Tracer. 

This instrument, devised by ProF. Ewing, allows tbe magnetic 
quality of iron, steel, or other magnetic metal, by exhibiting the 
flurvft which connects the magnetization B with the monetizing 
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force H in any magnetizing pm cos a. The curve is exhibited 
Upon a screen by the spot of light reik-c!r\l from a min or, which 
receives two components of motion. Tiie vertical component 
is proportional to the magnetization, and tlio horizontal com¬ 
ponent to the magnetizing force. The inalrfirofiit is shown 
in Fig. 276, and Fig. 277 is a diagram showing the func¬ 
tions of the various ports. Tbe mirror is pivoted upon a ►ingle 
needle-point, which leaves it free to turn both ways, and it is 
connected by threads to the middle of two stretched wires, 
A A end BB t in such a manner tbit when either oF tbe wires 
sags the mirror suffers a corresponding deflect ion. The throuds 
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lire kept taut by light springs, the tensicm of which is adjustable. 
The wires are stretched in narrow slots, forming gaps in two 
magnetic circuits, DD and C. One of these circuits, <DD, is 
made up of the iron or steel to bo examined, along with suitable 
pie-pieces and yoke, and the current wbich passes through the 
magnetising coils of this circuit passes also through the stretched 
wire, Bl), in the gup of the other magnet. The other magnet 
is constantly magnetized by a steady current, and a steady 
current also llows through the stretched wire AA. Hence, 



when the magnetizing current of DD is sltered, tho wire BB 
sags nut or in, and gives horizontal moLinn to the mirror pro¬ 
portional to the magnetizing force acting on DD. And wheu 
tho magnetism of DD is altered, the wire A A sags up or down, 
giving vertical motions to thu mirror proportional to the clianges 
of magnetism. 

The samples to be tested form the arms of DD. They may 
be solid rods, or rode built up of thin strips, or of wire. Tho 
rode supplied with the instrument are of soft sheet-iron, built 
up of insulated strips, with a net cross-section about 1 in..by 
} in., and about 18 in. long. In preparing other rode for 
comparison of magnetic quality, tho same dimensions are to 
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be chosen as those of tile standard rods. Clumps ere provided 
at the polo-pieces to allow the rods to be readily inserted and 
removed. , . 

The same constant current will serve for tlie wire A A, and 
the magnetizing oot) of the tubular magnet C. A current of 
about four amperes will serve well, but more or leas may he tued, 
according to the xmount of movement which it Is desired to give 
to the mirror. !Khe amplitude of the movements can also be 
regulated by shifting in or out the weights on the bell-crunk 
levers which keep the stretched wires tight. For high-speed 
work the wires should be kept very tight, ami a ymall mirror 
should bo usod. The magnetizing current must be made to vary 
in a continuous manner; not by sudden makes and breaks. 
When these precautions are taken magnetic cycles may be per- 
formed so rapidly that the reflected light appears on the screen 
as a continuous curve. A special commutator is supplied, to allow 
)f rapid but gradual variations and revere l of the magnetizing 
current. It conusto, essentially, of two fixed and two revolving 
plates Of xino, iminoised in a solution of ziiKMOilphate. 

In ordinary testing it is more convenient to tnaku tho maguetio 
changes occur slowly, and to mark with a pencil the successive 
positions of the spot on the screen. A sheet of paper on a small 
drawing board, set up against a wall or other vertical support, 
[a a suitable screen. The source of light may be an ordinary gal¬ 
vanometer lamp, furnished with a pair of ©ro« wire# instead of 
the usual single wire. For high-speed work a small spot of light 
is necessary, which is obtained by placing a screen with a small 
hole in it just in front of the lamp. Horizontal and vertical 
datum lines ore marked by moving (by hand) the wires BU and 
A A respectively, and marking the path of the spot, A variable 
resistance is to be inserted in the m&guothuug circuit of DD, to 
allow successive points of the magnetising curve to be obtained; 
two zino plates suspended near together in a weak solution of 
zinc-sulphate, in such u way tliat they can be more or )e*s deeply 
immersed, will serve well for this purpose, A twpld commutator 
is also to be put in this circuit, to allow the specimens under 
tost to be demagnetized by rapid reversals of continuously 
diminishing magnetizing force, if it is wished to determine 
the eurve of initial magnetization. In comparing other samples 
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with the standard bars, care must be taken to preserve the 
mme scale uf B and of H, by nob changing tha constant current 
in tile wire A A and magnet C, nor the tension of the stretched 
wires. 

The absolute scale of // may bo calculated, if required, from 
a knowledge of the number of turns in tho winding of the 
magnet limbs, and tint of B tnay be found by manna of an 



auxiliary ballistic galvanometer, by winding an induction coil 
of a few turns round one or both of the limbs. 

Fig. 278 shows the electrical connections with the terminals 
as they are placed on the slate bfcse of the instrument. 

Terminals 1 and 2 are those of the coil which magnetise the 
tubular magnet C; terminals 5 and 6 are thoso of the main 
magnet coils on DD. The constant current ia supplied by P, 





SlXOTRIOAi RNG WE BRING TESTING ’ 

and taking the coiuh* J, 2, 3, 4, pastti in series through the 
magnetizing rail of 0 aim! the stretched wire A. Tip variable 
current is supplied, by Q, through the commutator '& and 
adjustable resistance ft, Taking the couree 5, 6, 7, 8, it passes 
tliroogh the main magnetizing coil anil tho Bt re tidied wire B. 
The copper strip which in used t» corniest 2 with 3 may be 
pnt between 1 and 3 ins fund, 2 and 4 being then the battery 
terminals in that« circuit. The effect of this is to change 
the general slope of tho figure on tlie screen from right to 
left or vice vereA. One of tho two aningemetits is right 
when an ordinary screen is used; the other is right when the 
screen is a piece of tracing paper or ground glass, viewed from 
behind. 

Care should be taken to Adjust the instrument bo that when 
a complete cycle of magnetic reversal Is performed, tho figure on 
the screen will be symmetrical, with tho extremities equidistant 
from the zero point or origin, which corresponds to the condition 
of no current in B and no magnetism lu DD. To secure this, 
• see that the stretched wires arc as marly as may bo jndged in 
the middle of their respective slots, both vertically and horizont¬ 
ally. Set tho moan position of the minor perpendicular to the 
pivot needle, by adjust!ug the needle's position by tho screws 
provided for that purpose. The light springs which keep the 
connecting threads taut are to bn set so that they remain con¬ 
siderably stretched oven when the mirror moves to its furthest 
limit in the direction tending to slaoken them. 

Fig, 27f> is an example of the curves obtained by the instru¬ 
ment shown In Fig. 27 f. It ie the copy of one half of a cyclic 
curve {if reversal, along with the initial curve taken after 
demagnetizing the specimen hy reversal*, and also the curve 
obtained by reapplying the magnetizing aurreut after it hod 
been reduced from its maximum to zero, Owing to the existence 
of an ajr gap in tho magnetic circuit under to>t, the diagram 
is sheared over to the right, and true vahioa of the magnetic 
foroe would be found by measuring horizontal distances from 
some each line as TY y instead of from the vertical line. This 
shearing does not affect tho area enclosed by the cyclic curves 
of reversal, end need not therefore bo taken account of in 
measuring the corner a tire amounts of energy dissipated by 
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magnetic reversals in different specimens or in the same 
specimens with different values of the magnetism. 

In addition to ite use for determining these areas, roe com¬ 
paring the magnetic qualities of different samples of iron, and 
for investigating the pmperties of magnetic curves generally, 
the instrument may be uaod as n galvanometer by making the 

6 



current to he measured pass through either of the stretched 
wires, while the magnet, in the slot of which the wire is 
stretched, is kept in a constant state of magnetization. This 
will be found useful in cases where an extremely dead-beat 
indication is wanted, and hy making the spot of light register 
its position photographically on a moving plate "or paper satis¬ 
factory records of rapidly fluctuating currents may be obtained. 
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The Permeameter. 

A useful pier* of apparatus, known an the “ Permeameter,” is 
illustrated in Fig 2H0, by means of 
which the magnetic quality of dif¬ 
ferent materials ran easily and 
rapidly be found, Tbe method is 
essentially a workshop one, and tbe 
principle of it in due to Professor 
S. P, Thompson, 

The atrangMt consists of ft 
Komeuliiit massive hollow rertwngn- 
tar-shaped Mock of good soft 
wrung! it-iiou foiled to tiie tdmpo 
shown. Inside this is a uugnetiz- 
mg solenoid wound on a tbiu brass 
1 iilsa with lliin flanges or rads, ita 
length being just Out between tlm 
insides of the block ends. The 
MiffinientK long i oil of magnetic 
material to bo fowled, haring its 
lower end faced quite true, passes 
freely but dowdy through tho tap 
end of the block, down through 
llio solenoid, and beds on tho cnio- 
fully "faced 1 * inside of the bottom 
end of tbe block. Tho protruding 
end of the rod has a mend pin 
through it, which is caught by a double hook on the lower end 
of an ordinary spring balance, the top end of which is suspended 
by fc gut cord passing over a fixed pulley and attached to tho 
lover shown. This permnameter is also fitted with an arrange¬ 
ment for testing the specimen ballistioilly. It comiAta of a 
email flat coil fixed to a brisn plate, which slides backwards and 
forwards between guides, Thu rod passes through this coil Ami 
beds as before'on the block, at the snine timo keeping tho coil 
back against tbo force of two spring strips on the outside of tbe 
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Mock. JmmcriiuMy the rod it fcuddwily pulled up the coil Hie* 
out, and a circuit joiuod to it* torminaLa will receive an electi-o- 
uja^netip impulse proportinuid to the field just broken. Jn ibis 
way the Hallistir, and traction methods can be made to check 
one another in tlio Giuil results obtained. 


Condensers. , 

Fig. 281 shows a general view of the Kelvin etenderd air 
Leyden condenser, and Fign. !?S2 and 28.1 & plan aud .ectional 
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elevation of thosame. The instrument is formed by two mutually 
insulated metallic pieces, which wouliall call A aud ii, constituting 
the two systems of the air condonser or Leyden. The systems 
are composed of parallel plates, each set bound together by four 
long metal bolts. The two extrema platee of sat A ara carelra of 
much thicker metal than (be rest, which are alt equarea of thin 
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sheet brass. The set Hare all sqn.ires, the bottom one of which is 
of much thicker metal than the others, and the plates of linn system 
nraoytflcuK in number than the plate* of Hysteni A. Jho four 
bolt* binding together the plate* of each Kystem paw through 
welhfltted holes in the comers of the squares; and the distance 
fi-om plate to plate of the hi me Ret is i , ognlat(>d by annular 
distance pieces, which are carefully made lo fit the bolt, and are 
made exactly the jvune in nil respects. Knelt system is bound 



» 

firmly together by screwing home nuts ou the ends of the 
bolts, and thus the j»rnllidirai and rigidity of the entire set is 
secured. 

The two systems arc made up together, so that every plate of 
B is between two plates of A, and every plate of A, except I he 
two end ones, which only present one faca to those of tho opposite 
set, is botmtfw two plates of B. When the instrument is set up 
for use, the system B rest* by means of the well-known u bole, 
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slot, nnd plane arrangement,” 1 engraved on the under (tide of fta 
bottom plate, on three glass columns, which are attached to three 
metal screws working through the sole-plate of system A. .'[hefts 
screws con be raised or lowered at plessOre, and by means of a 
gauge the plates of system it cau bo adjusted to exactly midway 
between, and parallel to, the plates of system A. The complete 
I^yden stands upon throe vulcanite feet attached to the lower 
side of the sole-plate of system A. 



Fm. eg;!. 


In order that the instrument may not he injured in carriage, 
an arrangement, described as follows, ia provided, by which 
system B can be lifted from olT the tlireo glass columns and 
firmly clamped to the top nnd Itnttom plates of system A. 

The bolts fixing the corners of the plates of system 7? are mode 
long enough to pass through wide conical holes rut in the top nnd 

1 Thomson and TaJt'u Natural Philosophy, 9 example 3. 
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bottom plates of system A, sod tbe nuts At the top end of the 
bolts Hre also conical in form, while conical nuts are also fixed to 
their lower ends below the base-plate of system A, Thumbscrew 
nuts,/, are placed upon the upper ends of tbe bolt* aftBr they 
putt through the holes in the top plate of system A. 

When the instrument is set up ready for use, the*e thumb¬ 
screws are turned up against fixed stop*, g, «o a* to be well clear 
of the top plate ufssybtem A ; but when the instrument is packed 
fof carriage, they are screwed down against the plate until tbe 
conical auLs mentioned above are drawn up into the comical 
Loire in the top And bottom plates of system A; system ft 
is thus raised off tbe glass pillars, and the two systems are 
securely locked together so as to prevent damage to tbe in* 
strument. 

A dust-tight cylindrical metal case, //, which cau be easily 
taken off for ina^vediun, covci* tho two systemn, aml fits on to a 
flange on system A. The whole instiumcnt rests on three vul¬ 
canite legs Attache il to tbe base-plate on ay si cm A ; and two 
j term inn Is uro provided, one, i, on the hi*e of system A, and the 
other, j^von tbo end of one of the corner bolls of system J), 

Revolving Contact Maker, 

This is An Arrangement of two contact lev it* or spring strips, . 
and a revolving ring, whereby elect rical coni net is made between 
the two strips ones every revolution of tbe ring at u cot'lain 
particular and definite imtaut, and place on the chide of revolu¬ 
tion depending on the position in which tbo levers touch tho ring. 
Such an arrangement is necessary when it is desii-ed to take the 
periodic K.M.F. and current curve* of an alternator, and it may 
be fitted either to the alternator, or to A small single-phase 
synchronous alternating current motor, to be driven off the 
particular supply tu be sampled. Fig. 2H4 repress at a a simple 
and convenient form of revolving contact maker, designed by tbo 
author and fitted to tbo rotating inductors of an inductor alter¬ 
nator, It consists of a brasi fiame Ting screwed to the 
alternator portion, and carrying an ebonite ring screwed to it 
securely by set screws through tbe inner edge of tbe frame ring. 
Half the total width of this ebonite ring is turnod nearly away 
end a brass ring slipped on and fixed to the ebonite ring by 
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screws passing through it sidcwajB. A thin slip of brass (teen 
juat in front of tiro spring brushes in Fig. 284) is neatly let into 
the ebonite ring and makes electrical contact with the insiolated 
brass ring only Two spring strips, insulated front one another, 
anti pressing against the two springs ill a line, aro earned by A 
holder tapable of being sliil along the curi e bar scan in tho figure 



Vv■ > 
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and provided with a pointer moving over a scale. Hence any 
circuit connected to these strips or brushes will he dosed once 
every revolution at nn instant in the period whioh depends on tlie 
position of them on the curved rod. 

If the toes of the spring brushes are set, one in front of the 
other, the contact will be mom instantaneous, otherwise it will 
last during the whole time required for the slip contact to past 
under the brushes when sot level. 
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,‘Cradle Absorption Dynamometer. 

In Fig. 2H5 is shown the principle of a typical form of cradle 
absorption dynamometer, suitable for teat ng the horfto-power 
developed by email motors, but which can also be employed for 
larger powers up to a certain limit determined by the weight and 



size o t the motor, and the consequent difficulty in constructing 
the* dynamometer. 

It consist* of a light framework (CC) carrying a small floor or 
platform at its lower extremities to which the motor M, to be 
tested, is bolted after being packet] up ao that the centre of its 
shaft u a line with tbe points of bearing 0 of the koife edges K 
The fiteel plants on which K work are at the top of standards F 
carried on a light bed-plate FP, A block (b) \t attached to the 
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top of the frame cc, which carries a screwed bolt on which can 
travel a heavy balance weight E. By raising this weight) there¬ 
fore, the centre of gravity of if, its bed-plate and the crAd'e CC 
can be raiteil to the level of 0. A light lever Li is filed to and 
mores with CC, one end being attached to the piston (p) of 
a dash-pot D containing some viscous fluid for damping the 
motions of the cradle ec. 

The other end is attached to the lower po-tion of a suitable 
spring balance IT, itself suppoited from a bracket B, carried by a 
standard (ra). 

The end of tho lover C moves in front of an index soale a, also 
carried by zx. 

The tail rod l. together with the piston p, arc made to, once for 
all, balance the Ollier part of the beam L, so that after B is 
properly adjusted tha cradle with its motor would rest in equili¬ 
brium in any position if JK was disconnected from L. 

The method of procedure is thereto) e as follows—When the 
cradU is eznetly htdmotd in the man nor indicated above, the 
spiing balance W is attached to L and tho nut N screwed np or , 
down so an to bring tho lever L to the zero of the index .scale SS. 
The motor M is now connected up so that the held magnets and 
consequently the cradle tend to turn counter-clockwise. This 
condition must be arrange J for beforehand, and the motor placed 
in the cradle accordingly, to suit the orthodox direction of 
)citation of the armature A. 

A cord is now wrapped ones round the motor pulley, and it* 
two ends Kti-etcbed out horaootully. The motor will thus be 
made to do work against the friction between the oord and 
pulley, and tho result will be a depression of the end L of the 
beam. Then bring L hack to 20 ro on the index scale by turning 
N and eo raising the balance W. 

If now B'= reading of tho spring balance in lbs. (say), and L 
— the distance in feat of its point of attachment to tha lever, 
from the centre 0, then the moment of the force resisting 
rotation, i. s. the torque T— WL (pound feet), and if tha speed 
of the armature—n revs, per sec., the angular velocity m —2m. 

Hence the work done per eec. - to7’, and the horsepower 

developed = since 1 H.f. = 550 ft, lbs. per sec. 
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Horse-Power Transmission Dynamometer. 

When the mechanical power required to drive some particular 
machine, &b for instance n dynamo, is desired to be known, it can 
bo obtained by means of a (ransmiMvm dynamometer. This is 
an appliance for measuring mechanical power without absorbing 
any of it, as distinguished from the abgor^Aion dynamometer 
wfitch measures the power by wasting it all. There arc two main 
claaBcs of the transmission instrument namely, those for manur¬ 
ing the power transmitted directly through a shaft, and secondly, 
those for meabnriiig the puwpr tiunawitted by a belt. 
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Fig. 28fl represents the general view, and Fig. 2K7 the sym¬ 
bolical side elevation, of one belonging to the latter class and 
made by Messrs. Siemens Bros, and Oo. of London. By means 
of it the difference in tension (P—<) between the driving (t. e, 
the tight) and alack sides of the belt can be read off directly in 
pounds, and which is the only one troublesome factor required 
of the horse-power to be measured. 

Referring to Fig. 2H7, ibis Siemens trsnsmisiion dynamometer 
oousists of four similar roller pulleys, running in bearings carried 
at the four corner* of a light hut strong iron framework (KK). 
Throe other roller pulleys run in bearings carried by the arm or 
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frame (A), which is capable of oscillating abont a fulcrum F on 
part of the main frame. The centre pulley 1‘ is really the 
actuating pait of the dynamometer, the remaining six, namely p 
and y, merely acting in a sense on guide pulleys for the belt, the 
“tight” or driving side of which is 7T and tho slock Bide «. 
The left-hand end of the arm or frame A has attached to it a 
link (1), which actuates a lever pointer L capable of moving on a 
fulcrum (/) over an index scale C, and carrying a balance weight 
W for the purpose of balancing tho arm A with its fittings, eta. 
D is a dash-pot to steady, what world otherwise be, the jerky 



movements of A. A strung, spiral spring S, capable of being 
extended by turning a handle (A), is attached to the left-hand 
part of A. Tbe action oF tbs dynamometer will now be fairly 
obvious, and is as follows— 

The tight side of the belt TT tends to force down the left-hand 
end of A against tbe smaller upward force of the slack side it, 
this causes £ to turn about fin a counter-clockwise direction, but 
L is now brought back to zero by turning (A), and when this js 
the esse, the fores exerted by 8 just balances and id equal to the 
difference in tension (T —t), and id read off an tbe scale over 
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which the pointer, attached to the top end of S , moves. Thus 
According as to whether S is calibrated in Hut or kilograms so 
the rgiAzitity {V— *) is read off in those units, If now V " 
velocity of the belt in ft, [*r min., as obtained from tho noted 
speed of the driven pulley (N) revs, per min, mid its diameter 

d (ft), then Y~*dy, mid the 11,1*. transmitted = ~ 


The Measurement of Power transmitted 
by Belts. 

In tho rise whore it in desired to mcnMire tho mcrfcftufca) power 
sbsii]t>cd by somo particular m a rhino, such jix > for instance, a 
dynamo feeding u Jamp circuit, or any other kind of uiodmui 
driven liy im iui.n of belting, the use of a Form oF lVony brako or 
other kind of nUorjAian dynturmuicier is inadiiiisniUe, owing to 
tho wolbknown fact that such on appliance wastes all tho power 
wEiinh iL iiimsiiroa, In thi* case a tiansiiiissioh ily mm minuter lain 
to bo resorts te, of which thorn »ro aovciwl dilfirrht foviux, some 
remaining permanently in position. so as to bo capable of indicat¬ 
ing at any moment the power tmi emitted, others being tempor¬ 
arily erected in position for llio teste for iimUune, the 
0 Siemeus-Hef ner-AUenock belt transmission dynamometer. It is, 
however, manifestly more convenient to have a permanent 
arrangement, and tho general principle «f this type is to connect 
the driving pulley, which is lon«e on its sliaft, by three or more 
helical springe, to a fixed collar or hose k«*yed 1 o tlio slctft, 
and then to measure in gome convenient way the “angular 
advance >r of the eluiFt relatively to the pulley, duo to tho axial 
extension of the springs. This, as is well known, gives a 
measure of tlie power transmitted. FTithcrte, however, the 
arrangements for observing this angular advance liavo not 
proved very satisfactory. 

By the kiwi permission of the proprietor* of The Mechanical 
Engineer* the author is enabled to give a reprint hero of an article 
written by hioi'in that journal of March 19,18!!8, on a neat form 
of spring transmission dynamometer the recording arrangement of 
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which was devised hy Professor W, Stroud some little time 
hack, and., is in use in the electrical engineering laboratories 
at the University, Leeds. It ia accurate and extremely simple 
both in principle and working, and can be easily fitted to any 
shaft and kept permanently in positioo, It has the distinct 
advantage that the measurement of angular advance is solely an 
electrical one, and can consequently be obtained with considerable 
accuracy. 

Fig. 288 ehowa an end elevation, and Fig. 289 a side eleva¬ 
tion, of the arrangement, witli fcho lower part of the driving 
pulley (y) cut away. It i9 on a counter-shaft, and rotates in the 
direction of the arrow (Fig. 288), driving a machine. It consists 
of a boss 0 f which is keyed to the shaft-, and is provided with a 
flange 0, having an extension at one part of ils circumference in 
the form of a short projection or arm. One end of the ateel- 
drivizig spring M } which is of square cross-section, is bent so ag to 
partly embrace this arm and bo drivon by it; the other end is 
similarly bent, only in the opposite wtuso, to partly embrace one 
arm of y, which is loose on the .shaft, and drive it. Only these 
two bout end* of M are shown in Fig. 2811, two turns being 
cut away, as shown, in ,rhich is a putt sectional elevation about 
a vertical diameter through shaft centre. The bolt can be 
thrown ou to a loose pulley (u) hy a fork not shown. To the 
short projection ou the ilnnge <2 (Fig. 289) is bolted a light but 
strong bent arm A into a saw-cut* in the cud of which are sweated 1 
the ends of two rigid k trip a of brass rid© by side. The Vight-hond 
one ends in a hinge, which carries a similar strip J, into the side 
of which is fixed, a rigid pin, which passes freely through a slot 
cut in the end of the left-hand fixed strip. Thin lalter is merely 
for the purpose of preventing J being palled too hir towards the 
pulley (y) by the spiral spring V. The hinged strip J carries at 
its end a light brass block W, to which is attached, but electric¬ 
ally insulated from it by means of ebonite or vulcanized fibre (/?), 
a rounded brass contact block r . Tins makes electrical contact 
with a curved resistance frame 1(8, consisting of a curved piece of 
wood of somewhat smaller radius than the pulley rim, and of 
section something similar to that shown at R (Fig. 289). It 
embraces an angle of about 120 deg,, and is pit) vide J with shallow 
saw-cuts on the inner and outer peripheries. Into these are 
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pressed the turns of wire with which it is wound, consisting in 
the present instance of between 280 and 300 turns of No. 18 or 
No. 20 rB. W. G. platinoid wire, double silk covered, tkfc ends 
being led out to brass terminal blocks at the extremities R and $. 
The arrangement is securely clasped to the anns of the pulley by 
the CQurUer-sunk bolts N t which pass through a similarly cur veil 
piece of wood of section shown at X (Fig. 280), placed on the 
other side of tho arm a A thin piece of toft ’nsulaling materia) 
(/>) is interposed between these latter and R to prevent aomtf - of 
the turiiB of who being short-circuited, and thereby rendered 
useless, or damaged by pressmn against tho arms, Tho turns of 
wire alt) I wired of their silk insulation, along the line on which T 
makes contact with them between li and S. Two thin strips of 



vulcanite / 7 are Iwmt completely round the abaft, and over them 
sre stretched two thin strips of brass CC, the ends of ench being 
soldered together so as to form continuous rings, against which, 
as they rotate, press two small cop[W>r gauze brushes B X B T It 
now remains to describe the method of indicating the angular 
advance, and so the measure of power transmitted. This is 
accomplished wholly electrically, a symbolical diagram of tour 
nections being shown in Figs. 2!)U and 291, corresponding parts 
being lettered alike, The brass ringa CC are permanently and 
eloctricflJly connected by insulated copper wires to S and T, os 
shown, the shaft and arm A being depicted a* taking up a position 
P on RS in advance of the pul ley (F), $ is in electric connection 
with F, and therefore with the shaft. P ia a fixed brush, which 
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simply rubs on and makes contact with the shaft, K iaa twoway 
key; E a battery of about three colls, preferably socontjariea; G is 
a aetuijive galvanometer or potential difference indicator,ag dead 
beat as pnssibio, mid preferably of the mu v jug coil or J/Arsonvul 
type, in order that, firstly, its delloetioiiR may bo directly pro 
purtional to the potential dilToronco at its ternjiual« ; and, secondly, 
that by winding the moving roil on a light but broad aluminium 
fra met ^ can bo tuade very dciul beat. (J is provided with a 
“ Constant total current slmnt,” shown symbolically at H {Jfig, 
^90), which is for Hid purpose of adjusting the isefwibility of U t to 
which it is shunted without altering the gross resistance of tho 
combi nation, and therefore thu iM>. bstwoon the two points to 
which it is applied, 



The principle of action of If is merely that the mtuw, fixed as 
regai (1* cud play, when turned, urtuAtoatliu contact block, rubbing 
between the lop and bottom nosi* Uncos, which are suit ably pro¬ 
portioned to one another and to the galvanometer os well. Tho 
resistance between the terminals of the combination should ho at 
Wst 20 times that of US. 

In starting tho calibration, switch tho lover of koy (A') on to 
stop 1 (Figs -!H) and 331), G is then directly ten** E, and the 
tinmher of coll* together with the sensitiveness of G (liy using //) 
should be adjusted to give a full scale [Inflection. This must 
always be re-obtained before starting subsequent tests. Now, 
switch to 2 o*i A”, so completing the main circuit by way of f\ 
oliaft, R, S, E v A', E, and back to F, A certain current will How, 
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depending, of crniren, on the total resistance and pressure at J, 
and for this current a definite P.D. will exist between R and S, 
and elsodrotucen H and P, causing a deflection on Q, as 1 shown. 
Die calibration is now finallj effected by banging known dead 
weights from tho face of pulley (I"), thereby twisting up if (Fig. 
2bJJ, and notiog the corresponding deflections on G, The menn 
nott pull with any particular dead weight will best be obtained by 
taking the mean of two readings on 6', coirespcnding to the two 
extreme jiositione of equilibrium of the pulley, this latter being 
helped to take up these positions. * 

Fig. fill!! shews two calibration curves A and R, for two totally 
distinct transmission dynamometers of this typo, every detail in 
each being precisely tho same with the exception of the springs 
if, being different ns regards number of spirals and area of cross 
section nf these only. A few details about these may he worthy 
of note. Tho spring of the dynaoinmeter giving curve A (Fig. 292) 
consists of three complete turns of tempered steel of normal in¬ 
ternal diameter** G, 1 , in., and sqmiro cross-section in. x JJiu. 
A puli = weight of GO lbs. at the pulloy face wound it up tight on 
the surface of the bosses 6 Jin. diameter, giving a deflection on G 
of 91 (10 bring full). This result is clearly shown by the b»nd- 
ing of tho curve at the top park Tho spring of the dynamometer 
giving curvo fl consists of five complete turns of same diameter, 
but equarc cross sections =j | in. x £ in. Its internal diameter was 
approximately Jin. in excess of that of its bosses (5J in.), for the 
largest weight used (ISOlbs), Hence, not being tight lip, there is 
no bending of the curve H, Tire turns of both springs nearly 
touch. 

It may now be useful to note, with regard to the design of 
such a helical spring, the relation (hat subsists between the pull 
of tho weight at tire pulley face, tho decrease of the diameter of 
the spiral, and the angular deflection of one end of the spring in 
a plane perpendicular to its axis, represented by the position or 
tho point of contact P (Figs. 290 and 291) on RS. Let W — , 
dead weight applied, i.«. the tangential force at the circomferenee 
of the pulley of radius R. 

Then the moment (if) of the twisting couple in a plane per¬ 
pendicular to the axis of the spring is if - Wli. if the ooils are 
quite flat, and their planes at right angles to this axis, then will 
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be no torsion in the spring itself, and it will be wholly subjected 
to & bonding action duo to if, 

r D = ineaa radius of the helix before W is applied, 
r= mean mdius r>f tiio helix after IT is applied, 
and 0- fcntfe of twist, i. e. tho angle through which it ia wound 
up. Thou, since the moment of the twisting couple must just 
balance that due to tho elastic force of tho spring when the arm 
A (Fig 290) has poiue to setup steady jmsition ? on RE, wo have 



Fie, m. 


if — El ^ = A7 ^ - WR, whom l—length of the spring 
and El represents the flexural rigidity of the material of which 
the spring is made. 

E being the modulus of elasticity for the material, t. $. tempered 


steel 


/ being the moment of inertia of the section of the material, L a 
for a square. 

1 n 

in the present cnee, therefore, fur square section / = where 
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(6)—length of n side of that square section. Substituting in the 
above equation wo have 

* R/ii/1 1\ MAA 


from which it ran bo Men that for a given pulley, material of 

, . - * ... t . r (sectional area of apriug)* 

the spring, and angle of twi>>l, ll a —-length ~ " *" 

We have ;i!m> that the doflerlum or dihtance'-tl trough which W 
Mti-W. 

Writing the first equation in another form, we get an. expres«ioii 
for the amount of coiling of tho spring for a partiuulur weight W. 


Thus 


Kh m = KrjP 

r 9 \VIt + Ei i2^II7i r H- AV 


W is evidently the nett pull on the eireumferenro of pulley, and 
if tension (in lbs ) of the tighter driving aide of the belt, and 
f =tension (in lb*) of the alack aide; then IK =*( T— l )=nett pull 
of bolt iii pounds, winch in one fiurtor of the liorm-puwOr trail h- 
mitted. Also, if the pulley of tJie machine driven by (Y) is of 
rjulius ( f) ft. and makes («) revolutions [ter minute, then, for 
no slipping of the belt, velocity of belt (u)*c(2ir/«) ft. per 
minute, and horso-jmwer 


transmitted 


V(T-t)_ 2 wJn{V-t)_ }f 

agouti wm ~ a 


If tho driven machine bo a dynamo developing A a pj pores of 
current at a pressure of V volts on the external circuit at that 


speed, then the useful luim'-power developed 


AV 

74G 


Its commercial or nett uflieuney is therefore =- -jr WO per cent. 


In conclusion, it may lie mentioned tlmt tho dynamo motor 
forms a simple and accurate moans of manuring the hurse-[>cwer 
transmitted to any machine, and works very satiafactorily pr <y 
vided there is no skidding of the bolts, aod also that the spring 
(7) (Fig. 28 9) exerts sufficient tension on J to give a good 
reliable contact between the contact piece (7 1 ). to which the 
brass ring under J?, is electrically attached, and- the curved 
resistance ES, 
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Absorption Dynamometer. •. 

Fig. oJW illustrates an absorption dynamometer which ia a 
modification of & TVnuy hiuko for milking bmke test* oF the 
horee power developedl by electromotors, One great trouble in- 



i i 


Fio tU 

hprent in alt mch tests ia the high speed (relatively to other 
prime movers^at which theao mnchinpH rmi, especially small ones. 
This tends to cause a jei kiuece of the brake end trouble ron** 
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fluently in rending the indications of the various pert*. In Fig. 
298, three plies of cord make a half-lap over the top aide of the 
brake pulley, at one side supporting a scale pan, and at the other 
{the nearest to the observer looking at the figure) being attached to 
a single cord passing round a nearly frictionless pulley and hang¬ 
ing from tho lower end of the spring-balance seen at the top of 
the illustration. This double betid oi the cord is merely for con¬ 
venience in having the balance in a position whore It can be road 
easily. The three plies of cord over the pulley aro kept in posi¬ 
tion hy light brake blocks as shown. Thus the weights in tho 
pan will represent the tension on the tight side, and the reading 
of the balance that on tho sUok side, so that their difference 
gives the nett load on the brake. The brake pulley shown ia a 
special form of box pulley devised by the author, and water-cooled 
by an iulet or outlet pipe {tossing through a central opening. 

Another form of Prony brako, giving excellent results with 
small motors from about ^ 13.11 P, upwards at speeds up to 



2,000 revs, per min., ia shown dingrammatically in Fig. 294, and 
consists of a light cast iron flanged pulley /' keyed to the shaft 
S at the motor to ho tested and rotating truly on it. A light 
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framework FFF carries an eyelet E, from which hangs a spring 
baUncn v>. From tho lower end of to a pliable cortf passes 1$ 
time? found P and is attached to another spring balance W. From 
tho upper end of W a cord C t passes round a email grooved 
pulley A {supported from F) to a fixed point B on an iron levor L/. 
This lever is pivoted at / and is capable of moving in a guide U 
between the limits L and IA. It P rotates counter-clockwise as 
shown, (JK) will lead tin* tension mi the thjhi side, and (w) that 
oti tho slack aide, of the brake ropo C, so that (W — w) =j nett 
pull in lbs., and if {r) s= radiim of (pulley face + \ dium. of C) 
in feet, then the torque exerted =■ {IK — w) r lb.-ft., and tho 

B.H.P. = where » = Speed of P in revs, per min. 

Tlio ranges of IK and w may bo as 3 : 1, and if the faco of P 
rotates quite ftvfy, the deflections of w ami W are quite ateady 
and easy to read. The hand pressure on L can be both easily 
and very gradually applied, and when released, the weight of Jf' 
raises L and releases P from the pressure of CC automatically— 
a fiat'Jic of aomo value in preserving the rope, and a convenience 
itl rmjfcqra which do not race on removal of load. 


Eddy Current Brake. 

One of the most convenient methods of measuring tho brake 
fiorae-power of electro motor*, petrol, and other motors, especially 
when the speed is high, is by mc&us of an electromagnetic or 
eddy-current brake. While tho principle has keen used in 
commercial work to an enormous extent in light apparatus, 
e, >j. in electricity meters and instruments, so fat as tho author is 
aware, Messrs. Morris & Lister of Charlton Works, Coventry, 
were the first to patent and put on tho market a form suitable 
for absorbing and measuring the B.H.F. of electro-motors, etc, 
One of these, used by tlw author for many years, gave excellent 
results. Unfortunately the firm have ceased to make them, and 
it is therefore of little u>se to describe this particular form. The 
general principle underlying the construction and action of all 
such brakes will readily be understood from Fig. 290. 
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A cylindrical ring (J of copper ia fixed securely to the outer 
surface of,an iron drum / keyed to the almft (>?) of the motor, 
and roiaft'N in a multipolar electro-magnetic field system F.v 
Fixed to F, and in a lino [sowing through (lie centre of S, in A 
light graduate] lover A, from two to five feet from tip to shaft 
ceiiti-o, and made of thin aluminium or steel tube. This moves 
opposite a fixed index scale h brtwoen stops A , and carries a 
light slider h from which known weight* IK sx.n bo liung. A 
small sliding weight to, which can be damped bv a set screw t>n 
n light tail rod (f) y serves to counterbalance the weight of L ami 
t). A direct current, fin wing through the field mils of t\ pro 
duces a powerful multipolar magnetic field through the gap 
between / and the ftolcs in which C rotates. E.M.F.’s are 
therefore induced in C , causing eddy or Foucault current- 



lo flow in <\ which oppose the driving source, and I he output of 
the muter in thus expended in healing ('. Tho -stmiglh of tiiese 
currents and h«ncn the J1 LLP. of tlm mulor airsurbed, depends 
on the strength of ficlul, which is readily eon trolled by mooim of 
a rheostat in the exciting circuit. 

'Hie form or torque resulting from the interaction betwoon 
field and currents in C tends to drag tbo floating field system 
F round, and thin i.s opposed and balanced by a gravitational 
form due. to the weighted Icmt />. 

WJion a position of J) (at a radius It feet from tho shaft 
centre) in conjunction with the adjustment of excitation, is 
found, such that the above opposing fium* balance, the lever ’•L 
will float between tlic etopn A. The torque nr turning moment 
(iu lb,-ft.) exerted by the motor then = \Yti und ita B.U.P. — 
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35 000 ** a K * >0P ^ (’*) reVK - P° r m * n< 

Tl^'fio] J fr.vnc F can either bo carried by a xpparatoi support, 
giving freedom of oscillation, or on a sleeve by the motor spindle 
itself; but even in thin method tho weight dim to tlrc whole 
brake is considerably less than the pal] due to a hell drive. For 
example, a 3-lI.P, (rmttimmii* rating) size, made by Messrs. 
Morns Je Lister, yiml running at 1,500 1 * 0 vs, per min., weighed 
■4S lbs., while a 35*1 Ll*. (continuous rating) brako at 250 revs, 
per min. weighed 250 ]Vw complete. With a suitable provision 
in the design for ventilation, such brakes could be used for 
temperature load UaU, but these arc more economically effected 
by one or other of the well-known regenerative methods. A 
brake suitable for a certain UP and speed (mlrnniHuit rating) 
will, of course, absorb smaller powers for lunger periods, or one 
for continuous railing larger powers, up to 100%, for short 
periods. Higher Bpwls require smaller brakes. Anyone wbu 
Jui 9 ustsd this class of brake will have realized the many practical 
advantages it possesses over oilier kinds of absorption bnikc.s, 
particularly in the mutler of xnisUivcliras, control, $inouthneuti 
of operation, and accuracy in repeating readings, to say nothing 
about the absence of wear, burnt blocks, hamU, anrl rope ami 
water-COoling arrangements, 

Soames Motor Testing Brake. 

This appliance belongs to the class of meohnmciU power 
measurers known as absorption dynnmcinoter*, and is a modified 
fonu of Frony brako made by Messrs, Naldcr Drew. and Co. Lt is of 
extremely simple construction, and gives perfectly definite weigh- 
irig of the torque on tho pulley under tost against ordinary dead 
weights. It consists of a steel lover working on kuifo edges, 
which can be raised or lowered by the linlid-wheel at tho top of 
the brake. Holes are drilled in the lever at equal distances from 
the centre, corresponding to tho ordinary sizes of pulley in uso. 

The centre of tho brake is placed over the centre of the pulley, 
and from tho two holes corresponding to tho diameter of the 
pulley under test is a appended a piece of webbing, which passes 
round the pulley as in the diagram, Fig. 290. 
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When the pulley is running, a weight, any from $ to 80 lbs., is 
suspended on the end of the arm as shown. 

The whole is then raised by turning the hand-wheel, tightening 
the belt on the pulley until sufficient friction is put on the belt 
to raise the arm to a horizontal position and keep it floating 
the e; the speed of the pulley being taken at the same time. 

The weight is hung at either of the two boles at the end of the 



hole giving H P. direct by multiplying weight in lbs. by revolu¬ 
tions per minute, and dividing Dy 4000, the other hole similarly 
giving Watts direct by dividing by 6. 
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Tbu constant for U.P. is 33,000, L being the distance of 
the weight from the centre, a 

Tbp tire of the pulley does net enter into the equation, so long 
'as the distance between the holes in the arm is equal to its 
diameter. 

The band must, in sli cases, be hung from two holes equidistant 
from the eentre. 

The pulley should be perfectly smooth anil flat, and it is con¬ 
venient but not necessary to Have it Hanged. 

No lubricant is generally required, but a little black-lead may 
be applied if necessary \ no oil - 

This brake is extremely accurate, and every reading can be 
repeated with oertainty, ouch one net taking more than ter 
seconds at the outside. 



TABLES OF 


CONSTANTS, LOGARITHMS, ETC. 

Standards for Copper Conductors. 

(Adopted by the Electrical $ian<iarth Committer rrpretmnting the. 
General 1‘nzt Office, /unlit ufiou of Electrical Etujineo's, and all 
the leading nriWf mint ti/artnrcr* of (JrctU Ilritfiiii.) Iforiwd 
March 1 DIO- 

A wire 1 mekrt* Ion", weighing 1 gramme at. 60* If. (15*6° C.) 
haa Mntthieflaeu 1 * value of n^Lslancc— 

0-1539 standard uli.ua for haul-drawn, high conductivity 
commercial oop]*ji\ 

O'150822 standard ohm*' for anneali*«l, high conductivity com* 
mercial copper. 

These figure* at (10* F. being calculated from O' 1469 per metro-^ * 
gramme for hard-drawn, and 0 1440 for annealed copper at 32” F. 
by Matthieftapti’a formula- - 

v — _ _____ 

*' 1 - 000215006 (f - 32) + 000000278(t - 32)’ 

Hard-drawn copper is defined as that which will not olongate 
more than 1% without frncturo. 

Copi»r is taken an weighing 555 lbs. per cubic foot at 60* F. f 
and its corresponding specific; gravity*■ 8 !) 12. 

The average temperature coefficient jn« 0*00236 per degree F, 

A fay of 20 time* the pitch diameter is taken m the standard 
for calculating all tables. 

The resistance and woight of conductors is calculated from tlje* 
actual length of wire, or 1 01226 times the length the cable for 
all except the centre wire, 
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Maximum variation of reaiutancd or weight of any wire allowing 
for Iogsos in nmnofacture jg 2%. 

An allowance of 1 % increased reactance as calculated from the 
diameter is permissible on all tinned copper between Noe. 22 and 
12 gauged inclusive. 

The following tables of figures are deduced from the above 

constants—» 


Table XV. 

Corrsa Wshjiiino 5i>5 lbs. ?kk Co bio Foot at 60* F. 


BoLdWlru. 

Resistance la BtamUrO Ohms of high conductivity 
CmufflfiJ cbl Copper. 

Annealod. 

nerd-Bruvn. 

Rcfliataac* per cubic inch 

ii »> cm < 

„ of 200 n». 

weighing 100 groins. 
Resistance per mile 

» i« r>«i 

„ per mil foot 

0UOOO6Cfi«788 

0 00000160639 

0160158 

0 042317 varan in O" 
0 00002*044 * „ 

10 2044 

0 000000681327 

0 00000178054 

0 153181 

0 0431689 xaro* in □" 
0 0000245277+ „ 
10*4099 


Weudil per mi(o . . . 21)350 * area in IT 

„ „ yaid . . . . U '5625 k „ 

f The following table refers to copper cables with a Uy = 20 times 
the pitch diameter. 


Tabli XVI. 


OrtJe, 

ftelatarice In Standard 
Obrn. 

Weight 

5 Strand 

0 88742 xr 

3 0367Sx» 

4- „ 

0-253065 xr 

4-04904x10 

7■ 

0-1443567 xr 

7U7353 x ip 

12- „ 

0-084356 xr 

12 1471 xv; 

19- „ 

0H5324 24 xr 

10-2207 xip 

87- „ 

0 0278493 x r 

37-4414 x«t 

61- „ 

0 0165011 xr 

61-7366 xw 

81- n 

0-0111222 xr 

921034 xtd 


where r—the resistance of each wire, 
nod w= N Weight ,, „ 

The mutAnoe of a cable being equal 


to the resistance In parallel of the wire*. 

T T 
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International Standards of Resistance for 
Copper. 

Extract from The British Engineering. Sbmdards Association * 
Report, No. 7, July 1919. 

1. .The following standards, fixed by the International Electro- 
Technical Commission, have been taken as normal values for 
standard annealed copper:— 

(i) At a temperature of 20“ C. the resistance of a wire- of 

standard annealed copper, one metre in length and of 
a uniform section of one square millimetre, is 1/58 ohm 
(0 017241 . . . ohm). 

(ii) At a temperature of 20° 0. the density of standard 

annealed copper is 8-89 grammes per cubic centimetre. 

(iii) At a temperature of 20° C. the “ constant mass ” tern* 

poraturo coefficient of resistance of standard annealed 
copper, measured between two potential points rigidly 
fixed to the wire, is— 

0 00393 = 1 /254‘45 ... per degree Cent. 

(iv) As a consequence it follows from (i) and (ii) that at a 

temperature of 20° C. the resistance of a wire of 
standard annealed copper of uniform section, one metre 
in length and weighing one gramme, is— 

(1/58) X 8 89 = 015328 ohm. 

CoimcisNT or Linear Expansion or Standard Annealed * 
Copper. 

2. The coefficient of linear expansion of standard annealed 
copper between 60“ F. (Hi-fi 0 C.) and 68° P. (20° C.) has been 
taken as— 

0-00000944 per 1° F. (0 0000170 per 1° C.). 

Density of Standard Anneai.rd Copper at 60“ F. 

8. The density of standard annealed copper at a temperature 
of 60° P. has been taken as 8-892016, and the weight per one 
cubic foot of copper as 556-1108 lbs. 

Resistance or a Solid Conductor at 60° P. 

4. For the purpose of calculating the tables, the resistance of 
a solid conductor of standard annealed copper at 60° F., 1000 
yards in length and of uniform cress sectional area of one square 
inch, has been taken as 0-0240079 ohm. 
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Table XVII 

RELATION BETWEEN EM.F. AND TeMFKIUTU BE OF THB ClABE 
^JtANDAHD Cell—UADH ACCOHDINO TO REGULATIONS, OF TUB 
OahuaetCiabk, and of tbe Weston Cadmium Btandabd 
Cells (see pp. 13 and 17). 


Temper* 

ilnn 

•C, 

B.¥.F. Id L.|pl VolU. 

Temper. 

store 

€ C. 

EM.F. II UpU Yulll. 

Clark, 

Cirikftrfc- 
’ Clark. 

Weal on 

CsdiuJuw. 

Clark. 

Cerhnrt- 

Clark. 

Wertm 

Cadmium. 

4 

1-4*41 

IW4 

1-01993 

19 

1-4329 

1 4&$j 

1-0154* 

4 

1NW 

1-4500 

91 

17 

1-4313 

1-4330 

43 

9 

l'H» 

1-4855 

Hr 

14 

1-4H07 

1 4fl25 

9-* 

» 

1*44^ 

1-45S0 

hi 

IV 

1-4990 

1-4340 

94 

1 

1-4117 

1-4975 

79 

SO 

1 19X6 

1 43)3 

W 

u 

T4IM 

W3T0 

75 

tl 

1 4974 

1-4310 

W 

10 

1-4.195 

1-43H5 


91 

1 42«J 

1-4806 

31 

11 

1*418* 

1-4340 

<W 

23 

1-4253 

1-4500 

1ft 

IS 

i-4ir$ 

14355 

K 

24 

1 4241 

1-42V5 

14 

IB 

l-4!!«i 

1-4360 


95 

1 -42.<0 

1-4290 

10 

1* 

143M 

1-4345 

S4 

W 

1421V 

1-4285 

05 

15 

1*4940 

14540 

1-MftW 

37 

H20« 

1-4290 

3-0JJOT 


Table XVTTT. 


Relation between Pbactioal and P.G.S. (Aiisowyb) Okith, 
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Tiiirj XIX. 

ELBur»o<niHioJiL Eodivalihts, Spnoiho Grawties, fti 


Hotel. 

Atomic 

Wnlgjlt. 

Cierafail 
cquinlatt 
et. wt* 

Electro-ehemio*! 

•qniTAlftnt, 
grtun* per 
coulomb. 

Wolfit to 
gnuna per 
hour dcpoalW 
bj limp. 

SpcdOft 
gTiTrty 
to griffli 
Pel 

CUD OHL 

Tileaey 

Alumitdam. 

no 

9-0 

0-00&W17 

0-5354 


Copper (mcca4) . 

tt-1 

tel 

0-00066788 

tiw> 

8-oie * 

•5 Cdj'ul) ■ 

tel 

61-6 

0 00035867 

1-1833 

9-OU 

Soil . . , 

lte7 

te-fl 

000067808 

i-4410 

is a 

Iron (J «*d) A 

SI 

*8 

Q000280S* 

1-0IK 

7"M 

U*d . 

SOM 

103 S 

0 "6010714 

I8i71 

114 

NloKel. . . 

596 

M S 

OMC305M 

1-0W4 

8 5 

BUrer . . . 

108 

108 

0-OQIU8Q 

4-0219 

I0-S7 

Tift (djld) . . 

IIT* 

M 0 

0-00001677 

8-1M8 

71 

ZlHO A , 

65 

M* 

<J-0C03a«4 

Milt 

7-15 

flj drog»a . 

1 

1 

Q-OOOulOiSS 

0-W7W 

0 OOOOM6 


Table XX. 

TBKfBIUTDIlS COEBPICIRNTR AND SpCCIUO IiRSISTARCIB OR P[TRE 

Metals and Allovr, determined i.t Protkbsore J. A. Fleming 
AND J. Dewar. 


WeUK 
purs, mft, 
And 

aim tiled. 

Sitaridc 

it* sUixe, 
f, ID 

nknJuu. 

peroA 

itO-Q 

Uhi 

tefujiliatiire 

coefficient, 

a, iMtWMIl 
0* ltd 100*0. 

Alloyi, 

mil proportion*. 

Bt«c10o 

reajBbuuu 

>, In 

microhm*, 

per C.C. 
■to*c- 

Temperature 
OKeQrtent, 
*i ftt 15* C. 

PUtlrum . 

1MJ1T 

0 D0J 60ft 

rbtkun-aliver . 


0-000248 

Odd . . 

cm 

0D05770 



mv.Ayui 

palladium , 

10818 

C-OOWMO 


21 142 

0-00148 

direr . . 

1169 

c-oowoo 

tloW-allrcr ♦ 

6880 

a-oo 13* 

Cujipttf 

1 001 

C1XH2*} 


67143 

0*00127 

AUicuolwi. 

2-6*5 

0-004SH 


W4M 

0-00201 

Iron i. , 

ftW 

o-otesw 

Geimun tllrer * 

25 m 

0-000273 

NIcW 

12171 

OWStO 

I’laLindd . , 

41 M 

0000310 

Tin 

13-045 

0-OO4460 

Mftii^nln , » 

WT178 

-o-ooooo 

XignMino , 

*■855 

<PO0M10 

hllmotia . , 

3064 

000286 

Hno . 

5-761 

6-00*066 


4‘54l 

0*00288 

Cadmium , 

10-0J3 


H -copier 

2W4 

Q *00381 

Lead . . 

26-IW 


„ -bronxe* - 

11-5O0 

<K*010 

TbaJUum . 

17-M3 

1! ■ 

Reoetcni* . 

76'46* 

o-oono 

Jitirur? 

P4U7D 

(MO07*5 

Dimi*. . 

77 

0W10 

BEmutll* . 

118-160 

O-OO* JO 

Njckdhi 1 « . . 

88'SO 

_ 

Cotmlt* . 

871 

fi-mw) 

Orboa ' retort . 

67060 

-A 

Tantalum *. 

n* 

o-oraio 

„ am light Cmr«5 . 

7000 

-DOW 

Tuicalra 1 . 

so 

0 0061 

„ glow limp Bdl- 



Oralum * . 

ft-6 

— 

•win. 

*900 

-0*00034 




rhoiphcr lironxc* 






(«c*m «ei*l) . 

6**7ft 

0-00064 




Eureka* , , 

47*48 

OtKWOH ' 




OotnUolAft ■ 


/-O^OOOJte 
t+ t-ooooi 




Nickel CSuCaii . ♦ 

100 

■00043 


• Not ditermlawj by Finning infl DiVar, 


Aipcuiluialdljr puru. 
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Table XXT. 


■Appho-tmati Specific Resistance or the Commoner Liquids, a no 
WEIGH JJUlINIAHea with Increase or Temperature about 
1-5% pen 1*C.> 



Table XXII. 

Comparative Data por H.C, Copper and Aldminiuh, 


Cnddnotlvlty (Rtoetrifii) . . , 

Tprille 3 tn*Ti^Uj (qp jin nailed) . , 

Mfltlng-Polat. 

ap*rtUe QMvItjr .... 
SaallciDil Arw for Squi C«»idMti*Uy 
DU-nner „ ,« M 

Wright . i „ 

Ttupcmtan (to eBU ient p«r 1* 0. « 


1 Ccpj*J. 

Aluminium. 


100 

«■! 


86-80 tot* 

14-U loot 


150O B a 

l**a 


t-» 

to 


1 

i tt 


1 

i» 


1 

tVt« 


C-WM 

CHWS4 
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Tablb xxra. * 

. Eureka Resistance Material 

A Cbpbo-Nnmhl Allot (sbpplild by Jthi London Eliotbio 
Wibk Oo. and Smith’s Ltd.), pbrparid with grbat 0AS1 
TO RZCORR A NoK COKRODIBl* AND StABLI ALLOT, 


TVtapaTitirr* Co-aflW«rit . , 0'460031 ]«r dfj. 0. 

KwittaiM . * . . 4* Microbial per cm. Cuba. 

Gravity.B a. 

Xdlliif-Foint. (j 

Compart tit i ReiJiUxiCr . , M time# ooppoc. 

TeuiLo Btrawth .... 40 torn pat *j. Inch. • 

Iftljbtpar euhlaliich . . . 013 lb. 

Re»i»lnna! and carrying capacity for “ open ipirait" of Eureka 
wire in air, well venlilated with fret radiation. 
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Tablf XXrV. 


Nickel Chrome Resistance Material 


A Hiun Resistance Allot (scpflibd bt tub London Elbcthjo 
Wih* Co. and Suite's Ltd,), 


Tempnitora Co-rfllutui 
Bpaafo RetliUnre . , 
,, Grant* , . . 

Kahlug’Polat . . . 

Ooapfwtin Bnliturt 

Tenula Strength . . 
Valgbt par cahio tncb , 


♦ COM! per dog. a 

. 100 VlercLnu par om. oabt, 

. A15. 

. 16WC, 

* M Uinta copper. 

. 471 ? Ujo« par tq, ImIl 
, TBJtx. 


Resistance and carrying capacity of Nkkei Chrome Wire. 


a* 

4w.a 

AJl'iO^lmatj Rraktancft in Standard Olnu 
jier 1000 j tl*. at ttupeniui oa of 

Approximate Ahi]<t«b firing 

tompojttare* of 

mo* 0. 

400*0. 

«jo* 0 . 

aero. 

«tr*o. 

600*0. 

10 

*w 

401 

938 

T1 

J2 

18 

17 

SOI 

Ml 

70S 

so 

9-6 

14 

IS 

8U2 

*;b 

157 

< t 

77 

11 

19 

11M 

1200 

1178 

37 

6-7 


*> 

i m 

lfiDO 

itw 

n 

47 

B S 

11 

’ IS<D 

1DT6 

3U1 

17 

47 


82 

fcnW 

KMI 

3HJf5 

31 

86 

Ul 

» 

«?l7 

swa 

WOO 

M 

a 6 


I* 

* 2i 

♦l nr 

Wi 

] fi 

9 4 

11 

u 

mt 

6001 

1505 

1 4 

91 

»‘l 

M 

47M 

6® 1 

6870 

1-1 

10 

l-fl 

ar 

9H?0 

iWt 

S400 

1 n 

l-o 


ss 

6460 

■ 'AM 

not? 

M 

1-4 

3H 

M 

. 1O0UO 

10M0 

ILuiU 

•78 

IS 


90 

1J040 

13170 

14JJ0 

68 

1 1 

11 

91 

13760 

16040 

16370 

■61 

■85 

13 

91 

iixai 

17900 

1WO 

W 

•80 

11 

M 

18M3 

ftllM 

KQM 

W 

71 

11 

U 

2livO 

N920 

MIOO 

43 

6.1 

■93 

M 

m%o 

2S700 

91I0J 

•3T 

M 

•* 

86 

32900 

3W70 


•S3 

IB 

74 

97 

40100 

won 


70 

•49 

■<s 

86 

0I4OO 

-SnJocj 


•21 

■si 

■49 

r> 

AS WO 

74ll)0 


•17 


•« 

an 

»«0 
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b»m 

•Ifl 

•94 
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Table XXV. 

Tbr rou.owDio Table bhowb the Coeeent that wat. oira certain 
araiB is Temperature IK various badges o? Hbohtene Resist¬ 
ance MATERIAL, AND ALSO THE RESISTANCES AND Watts AS- 
BOUSED PER TABD IN EACH 0A8B (W. T. 0 LOTUS AND Oo.). 
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Table XX vr. 

RELATION BETWEEN GAOTEfl OFOOTSRED MaHGANIN WIRE AFP CURRENTS 
GIVING A RISE OR TEMPERATURE OF 100* C. ABOVE THE OoiBlPF 

Air (W. T. Glovrh and Co.). 


N 0 .D.W.G. 

Ampem. 

No. B.Wfl, 

AmjrttOA. 

no n.w.o. 

Ampere*. 

No. B.W.O 

Aaip«jM 

1 

W’fl 

19 

12D 

22 

Ifii7 | 

S3 

0-880 

9 

40 0 

18 

0*8 

S3 

1*32 

83 

0 835 

« 

9fl 0 

14 

7 sr 

24 

UBS 

84 

0 SI 

6 

94 0 

15 

0*7 

» 

OtK-2 \ 

» 

0 273 

0 

we 

IS 

6*5 

*5 

oror | 

W 

0 285 

J 

Z&fi 

17 

4 08 

ST 

0 077 | 

57 

C 909 

8 

22* 

IS 

100 

28 

nV& I 

W 

0 1W 

0 

19 0 

1(1 

£•» 

» 

0-J1I7 

80 

0167 

10 

10 4 

20 

sa 

«0 

0*4)0 

4Q 

01*8 

11 

19 0 

21 

19 

Si 

0-410 




Nut* — Ftt Tews wim in Air Mr. L, Jl Athmrni allow* 1 *q In. cf tnfcul 
lOriM a per Watt to bn dwipated for atuopainti^e of IXf d 


Tahu* XXVII. 

Showing the Currents that will Prodoor 212 " F. ( 100 * C) nisi in 

TikpeRATORE ABOVE Till SURROUNDING Al« FOR PARE MaHOANIN 
wiria hr Huron ED IIOMAONTALLT ARD PRBRLY EEK8EI1 TO the Air 
(W. T. Glover and Co.). 


B. W. O . . 

. No. 

8 

9 

10 

11 

IS 

19 

14 

Anipma. . . 


50 

50 

40 

85 

80 

ft 

SO 

H.W. O. . . 

. No. 

13 

id 

17 

IS 

30 

JO 

21 

Ampere*.. 


15 

13 

10 

0 

8 

0 

6 


19Git—It [lUce-l \o(tlc*Ily orcoJod, aAtUonoca moat ba mwla. 
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, . Tarlk xxvm. 

> r 

Dsnsrn«a of Dry Air in lbs. pbb cubic foot at diffnrrnt 
Tempbratoria and Pressures calculated by the Rela- 
. . f 0 001203 H 1 

ME (LM. PBR CUBIC X 7fi0/X 

G2 43, WHERE T = TkMP IN "C. AND H = PrBMUIU IN NX 
op Mercury at 0°0., Lat. 40°, j = 980-C2. 0001293 = 
JlESatTT IN ORAM8 PBlt C.C. AT 0° C. AND TOO MX. FhBSSUBE' 
of Mercury, 1 grab far c.c. = 62-43 lbb. per cubic foot. 


Tamp 


faroiufttrlc rnworc In HinJiulroa of J^rcarj 

■IL 


rc. 

TlO tniu. 

720 

730 

710 

7M 

*<X> 

770 

7B3 


2H» la. 

2834 

28-74 

2943 

£?°ft8 

53-92 

W-Jl 

ft0*7Q 

0 

0-07541 

C-WM7 

0-DTT54 

(MT7S53 

frWPM 

0 08C72 

0- 68170 

ooeiw 

5 

74M 

7M# 

7017 

7f]fl 

7821 

7*131 

«030 

1181 

1C 

m* 

TS81 

741» 

7576 

75» 

77S1 

78M 

7981 

1A 

71« 

7245 

7348 

7447 

7S54 

7017 

77M 

7M7 

V> 

riisa 

7l«4 

722* 

7829 

7423 

7821 

7017 

me 

26 

ftfiiM 

7DW 

W9 

7197 

7** 

TSM 


TM> 

9C 

6701 

ASM 

fl9S4 

7070 

7173 

7274 

7»7 

7iei 


Table XXIX. 


Comparison op W ire Qauors in Common Use. 


No. 

iW.G. 

Inch. 

B.W.O. 

Inch. 

B.h B. 

Inch. 

No. 

iw.o. 

fuel*-. 

B W.O, 

Inch. 

BAB. 

luck 

No 

S.W.O. 

inch. 

aw.o 

Jnoh. 

B.4S. 

Inflk, 

4* 

.430 

■4H 

•4000 

15 

■07S 

•or? 

•0571 

■8 

-DIM 

•008 

•0071 

t/i 

•17? 

•425 

•400ft 

10 

■OW 

■0i»5 

•0506 

64 

•DOM 

4,07 

-W0I 


■34b 

•380 


17 

•058 

468 

•M&8 

65 

•WB4 

•0P5 

•com 

hi 

*J 24 

•3W 

•324V 

la 

■018 

•040 

■om 

68 

•0079 

■004 

-omo 

1 

•ICO 

■500 

■vl 

IF 

•040 

•1142 

■raw 

37 

■ooca 


■0046 


•276 

■281 



OlC 

•055 

•0320 

68 

•wo 


■0040 

2 

•ttfl 

•9» 


z 

•5.12 

■H32 

raw 

89 

•0052 


-0083 


•m 

-230 



•028 

■028 

raw 

40 

-0048 


■0011 

A 

>212 

•270 

m jr 


-024 

.fTift 

■«« 

41 




ft 

■joa 

■203 


* 

■023 

•Oi'S 

■rooi 

42 




7 

•in 

•1» 

m T* - 


•020 

•020 

■cm 

« 





•i» 

•1« 

K rT 


•018 

■Git 

-01HJ 

*4 

giTTa 



a 

'344 

■J4fi 

g (F T 

2 

•Olftl 

-010 

•0142 

45 

■€«» 



10 

■126 

>114 

BWt" 


•0146 

•014 

•USD 

4ft 

•0024 



tti 

•311 

■120 


19 

•0196 

•019 

•CHI 

47 

•0020 



12 

■1M 

■ioa 

•OMs 

□ 

■0124 

•012 

•0100 

48 




11 

■an 

•W6 

•0720 

11 

•DUO 

■CIO 

•M3V 

<i 

Bffil 



14 

4» 

■era 

•0641 

St 

_ 

■WW 

•ooa 

■0076 

M 
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TaBLS XXXIL 


Teb Tabu given bilow shows tin sizes of Vakjobs Wi<s» of 
Different Hatfrutr whioh will fssr at tbb Cursrbtb 
aivmr ra tai first ooums (Sib W. H. Prreoi). 


CUOTofc 

TfaWtre. 

| Lead Win. 

Copper Wirt. 

K53E53GI 

fa 

Araptm. 

DlUXt* 
I Dote*. 

iWS: 


i!P<£ 

Dtaxtar 

loch**. 

^2 

Dtuxfax 

Tufhna 

sTa 


0-0072 

86 

o-oosi 

W 

0 0021 

47 

oooir 

40 


0 01 is 

1! 

00118 

80 

C-0034 

4* 

0 0074 

00 


OOHO 

28 

001M 

27 

0 0044 

4t 

0 0097 

08 


0-0181 

26 

00208 

£3 

0-0053 

80 

0 0117 

31 

Be a 


fa 

0 0536 

IS 

0*002 

88 

0-0156 

39 

{El 

cm 

11 

0*0870 

10 

00O9S 

86 

0*3*0 

94 


■ESI 

11 

0 0431 

18 

0-0123 

10 

0 0432 

M 

SO 

0*0520 

IT 

0CM4 

17 

0*106 

fa 

0 0340 

30 5 

25 

0-0614 

If 

owt 

13 

0 0181 

26 

0-0308 

19 

to 

O-OOM 

IS 

oom 

14 

00203 

15 

0*460 

11*6 

» 

o-trw 

140 

m 

10-6 


84 

CD4P8 

16 

40 

0*0840 

18 S 


15 

fa T'-Km 

29 

C*645 

17 

44 

o-ooou 

18 

01021 

15 

M . ' ' B 

22 

0*589 

10 5 

w 

0«m 

IM 

0*1085 

11-6 

0 0588 

22 

aocm 

10 

u 

o n oi 

11 

01237 

10 

fa I 

£1 

0*0714 

IS 

70 

oino 

M 

0*1371 

0-5 

0«M 

80 

C-0TS1 

14 

ta 

01M4 

11 

OHM 

05 

0-09W 

19 

■ 1,1 

135 

M 

01448 

0 

01051 

8 

■ v: ■ 

18-5 


13 

ioa 

DIMS 

8 5 

01789 

T 

0*447 

18 

01008 

J9 

m 

01740 

7 

0*1064 

6 

0*610 

17*3 

•HM" 

n 

■rs 

trim 

0 

0 2176 

0 

0*671 

IT 

01265 

10 

Kfa 

0*2118 

0 

023T9 

4 

|M' T ' j.J- fa 

10 

0 1971 

0* 

El 

0-2231 

4 

0 2157* 

8 

fait. T iW fa 

16 

01454 

9 

W-m 

*2137 

8-8 

0 2760 

1 

■ I'p.lfa 

15 

01502 

9 

u 

0 2841 

10 

06908 

O 

LJ 

116 

01143 

0'6 


Not*.—T he aliot* nn&btn can only Im taku u tftioxEmita, u tfc* aotaal euntnb 
nqfllnd tofliMmy g*Qrt will dtjxtdoc tength of Ausud crtlhi iBnU oi Ux fu* 
bfatk fa wllah lilt pla£*d. 

Id Allodia dlameta/l St % greatar tbui tlocftof lr*l fiwe*t the curraU. 


Useful Numbers. 


MetreB 

X 

32809 

= feet. 

Feet 

X 

0-3018 

= metres. 

Centimetres 

X 

0-3937 

=. inches. 

Inches 

X 

2-Si 

SSI OSU. 

Mila. 

X 

0-025.4 

— millimetres. 

8q. a. 

X 

0155 

» sq. inches. 

Sq.inches 

X 

000155 

« sq. mm. 

Sq. inches 

X 

6"4fll 

= sq. cms. 

Cubic „ 

X 

16-387 

= cub. „ 

„ cnw. 

X 

0-001027 

=s „ inches. 
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Kilogrammes X 

2-2040 

= pounds. 

Milos X 

1-609 

= kilometres. 

Kilometres X 

1094 

<s* yards. 

Founds (avoir.) x 

0-4535 

= kilogramme*. 

Gallons 

0-1604 

~ cubic ft. 

Cubic ft. 

6-2355 

gallons. 

Gallons (water) x 

100 

- pounds. 

Cub. fi. ( „ ) x 

62-27 

= 71 

Metres x 

39-3704 

« inches. 

Foot x 

30-4797 

~ imp, 

Pounds (avoir.) x 

453-593 

— grammes. 

ItevB, per sec. x 

6-2832 

= radians jter sec. 

Feet' „ min. x 

0-005 

- metres pev „ 

Metres „ sec. x 

197 

= ft. per min, 

Joules Equivalent -1390 lb. cent, unite 


*,4*156 x I0 7 erga per gram. "C. 


Acceleration due to Gravity (y) at Greenwich 
= S3 1 1308 ft. ho. units 
— 981 "17 cm. „ „ 


Density of mercury - 13-596 grammes per c.c. 


Watts 

X 

0-7373 

» 

foot lbs. per sec. 

Joules (i, 6. Watt sees.) 

X 

10? 

1= 

ergs. 

M J» 

X 

07373 


fL lba. 

H »» 

X 

0-239 

= 

calorios. 

Calorics 

X 

4-158 

- 

Joules. 

Ft. Iks.’ 

X 

1-35 


ii 

Kilogramme tors 

X 

7-233 

=r 

ft ii«. 

Ft. lbs. 

X 

0-138 

- 

kilogi ammeters. 

Horae-power 

X 

746 

= 

Watts. 

r» ii 

X 

33000 

«= 

ft. lbs. per miu. 

H 11 

X 

550 


ii ii sec- 

n ii 

X 

70 


kilogrammeters per see. 

Watta 

X 

44-25 

«= 

ft. lba. per min. 


X 

01 

- 

kilogrammeters per see. 

H.P. hours 

X 

1980000 

- 

ft. lbs. 

U ** 

X 

2685600 


Joules. 

Kilowatt hours 

X 

1-34 

*> 

H.P. hours. 

» 

» » » 

X 

2656400 


ft lba. 


Length of circumference of circle radius (r) «= 2vr - mf. 
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Ares.of (arenmfarotioo of circle radios (r) <= sr 5 = - 7854d\ 

Ratio of circumference of oircle to its diam. " • 

(v) = 314159 = 4^ approx, 
log. r~ 0-49 7149 9. 

Base of hyperbolic or Napierian logarithms «■» 271828 . . . 
To convert Napierian into Common logarithms multiply by 
0'43429. » 

To convert Common into Napierian logarithm* moltiply by 
2-30258. 

Lbs. per yard of pure copper wire => area in sq. ios. x 11-5625. 
Ohms per yard of pure copper wire at 60" F. (15'5'C.) 

*> 0 0000244657 = arm in eq. ins. 

Pounds per 1000 yards -p 10 % = poundB per kilometre. 

„ „ 1000 |, t! = kilograms per „ 
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S3 

29 

58 

37 

! 

1 

WM 

W9J 

M 

H 


ow 

MW 

U7I» 

177M 

4 

N 

11 15 

]9 

» 

20 

50 

M 

* 


0«2t 

(HW* 


[i.'iTl 

5j 

1004 

ion 

1077 

1JM 

8 

7 

10 14 

17 

22 

34 

» 

11 

T 

ttt 


LS06 

1M9 

1571 

19W 

1335 

1567 

1399 

14SO 

3 


10 11 

IS 

19 

38 

» 

» 


e 


UH 

IBM 

1M* 

1614 

1344 

1673 

17(W 

1792 

9 

A 

on 

15 

IS 

31 

11 

57 


i 

17*0 

ISIS 

1147 

1875 

iw» 

1931 

1969 

1987 

9014 

3 

0 

SI. 

14 

17 

30 

22 

*5 

f 

3 

90*8 

9096 

21S 

2148 

2176 

2201 


MM 

2270 

S 

/, 

m 

13 

10 

19 

31 

34 

i 


240 

[H'.M 

ii.ru 

9*05 

2430 

■7*^1 

n 

2604 

26M 

9 

ft 

aS 

12 

15 

17 

30 

K 

; 

JAM 

5577 

i 1 

ilH 

2*5 

*>72 


4* 

9742 

J7ft[> 

2 

ft 

T 


12 

14 

IS 

10 

SI 

r 


•Ml 

r’J ' '.I 

[■..vi 

2873 

•iiTTi 


3 

9967 

7M> 

i 

4 



11 

13 

lit 

15 

fll 

» 

W10 

3032 

I4U 

5(75 

*C®6 

£ 


1 

8181 

9201 

2 

4 



11 

19 

IS 

17 

19 

n 


JMS 

5»3 

8S?J 

9904 



1 

ss« 

8404 

1 

4 



10 

12 

14 

19 

IS 

o 


844-4 

5*W 

A* S3 

8MW 

HI 


IS 

MT9 

35M 

9 

1 



fT 

12 

14 

IS 

17 

□ 

AHi 

Wt 

1666 

9674 

8692 

21 


IS 

*7M 

678* 

Z 

4 



r 

11 

J3 

IS 

17 

□ 


ww 

ESa 

1856 

8874 


TT 

Si 

3015 

r m 


4 



f 

11 

12 

]< 

16 

u 

boto 

«W7 

4011 

4(01 

*048 

s 

Si 


*116 

4133 






10 

]-; 

14 

15 

M 

41SO 

41M 

4189 

43» 

4116 

3 

1 

4205 

4281 

4299 





f 

10 

u 

21 

IS 

L 

*314 

*330 

4545 

i3M 

4J78 



C53 


MW 






9 

ii 

21 

14 

□ 

run 

*497 

460? 

4618 

4583 



«T9 

fTJ 

m 


i 




9 

it 

22 

14 

□ 

<524 

4«f* 

4C54 

4060 

4C83 

St 

47 JJ 

47« 

rr|rl 

<757 





[ 

9 

)0 

22 

13 

u 

4771 

4796 

4W0 

4814 

40 ttt 

TTT 

4857 

4871 

Q 

<900 





7 

9 

10 

21 

13 

Bt 

4914 

<9W 

4W J 

*955 

<m 

♦981 

4967 

SOU 

W4 

MS3 





7 

9 

10 

It 

22 

n 

•an 


WTO 

Mii 

5106 

5119 

i!22 

51<£ 

51M 

6172 


i 



7 

8 

9 

21 

12 

» 

Al«5 

!tt 

5911 

5904 

5237 

55M 

62C3 

SS76 

5289 

M02 


i 



a 

8 


2C 

1? 

in 

run 

HI 

63 <0 

ASM 

I3U 

HI 

5301 

rri 

[TKJ 

6428 


? 



6 

9 


10 

12 

u 

Mil 

£ 

5405 

5*78 

£490 

£ 

5514 


558* 

£M1 


2 



6 

T 


10 

11 

N 

5558 


fiwr 

Si» 

Mil 


w 


0658 

5670 


S 



3 

7 


10 

11 

r 


rrf 

6706 

6TIT 

672S 

2J 

ST 


[jJTj 

57M 


*E| 



E 

7 


9 

10 

IP 

nn 

tT 

0621 


M43 

is 

Si 



58» 

1 

1! 



B 

7 


9 

10 

In 

£91) 

T** 

6039 

r -1 1 


TT 

!3 

li ]*i 

i!~vi 

rzi 





5 

7 


u 

UJI 

49 

•091 


«01« 

0088 

m 

C375 

TT 


6107 

6117 





£ 

6 


9 

10 


ft] 28 

nn 

01*9 

ftlftfl 

6170 

5180 

0191 

6901 

6213 

«K1 




. 

5 

6 


6 

1 

IP 

ftffia 

NO 


Jta 



ST 



6T45 





5 

B 


KJ 

0 

IP 



TTT 

TT 

WT 

rrt 


T*~ 

TT 

rjo 





5 

3 


El 

0 

In 

rHfl 

rjj 


T? 

n? 

7^ 

SI 

-tt 


rj'jj] 





5 

ft 


n 

9 

U 

LID 

Pj 


T 

Mi 

52 

TT; 

Hi 

mi 

AW 

m 


l2j 





L 

6 


8 

0 

« 

«2fi 





S 

9 

■ 

i 

ent 






6 


7 

S 

in 


tm 

iin 

31 

id 

♦U 

St 


6704 

6804 






5 


li 

» 

In 

rrt 




■*rr 


!T? 

TT 


AMI 






6 


U 

KJ 

In 


3 

~ 

Ts 

Tt 

"■t* 1 

TT 

* ** 


6081 






5 


7 

9 

• 

•Ml 

1 


25 

7324 

£ 

Si 

7060 



1 



8 


S 




ir 

m: 

3 

3 


n» 

S 


Tim 


EH 

i 



t 


A 


7 

B 

|r 

IE 


mi 


*i[-| 

TT 

RtTi 

j 11 


LII: 1 

1 



L 


KJ 




if 

nt 

n 

E 

>'.-f 

LI wj 

f*T 

Rvy 

I ? | jil 

U .'-1 

7111 

1 



Kj 


KJ 

A 

6 

r 

L 

I 

1 

7W 

i 

fifi 

1 7864 

rart 

IM 


TBW 

1 


2 

: 


r 

0 

6 

r 


DO 























































668 XLECTBIOAL BNQINEB&IN8 TESTING 


LontamtM. 
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Aim-LooiiiiTmn. 
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Squuh or Ndkbuw trox 1 to 10,000, Correot ip Four 
RT nwrrrrAST Finmm. 



7h* dUTwcMfur iquue* tram 3171 todlt9*r)], I, *, 9, 1. 4, *>, A, *■ 
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Bbiubks or Noxssrs from 1 to 10 , 000 , Cobrioi to Four 
< SromricAN* Fiobres. 



BquTM &CHD 1 to S canton l flgure. 

„ „ 4 to 0 „ SfjgLiM. 

u h 101') iU 9 

,» M 93 to 00 h 4 „ 


fcnunro Crom 100 to 911! Matifo 5 flcnre*. 
1P * 917toW0 „ 4 H . 

„ „ 1000to 8103., „ 7 „ 
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